SPECI FI CATION TI TLE OF THE | NVENTI ON NOVEL HYDROXY
RADI CAL GENERATI ON METHOD, AND ANTI - VI RAL  MATERI AL
UTI LI ZI NG HYDROXYL RADI CAL GENERATED BY THE METHOD
TECHNI CAL FI ELD [ 0001] The present invention relates
to a nethod for efficientl ener ati ng hydroxyl

radical s and to an ar&BEQEF%[/@J%TI@Neri al that thoroughly
and definitively inactivates viruses with the
utilization of the hydroxyl radicals generated by the

nmet hod. RELATED radi cal, which
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, j f ' ISPEENGS.
NOYRT PYTHCONP R ADICAT QPSERATI RBE PRGN SPEEKa
MATERIATATSITNZNSGHHYIDRERYLI KA DYCANGENFRWIERIBY THFIIMETHOD
power, and thus the radicals are known to react with
protein, lipid, glucide, nucleic acid (DNA, RNA), and
the 1like, and especially known to sequentially
oxi di ze lipid. [000IEEIHK AELIIEED es of the hydroxyl
radi cal s have been used to conduct many studies on

nmet hods for purifying noxious organic nmaterials
ontained in.the air ﬁnd wat er .
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the uttOMH dfARS hfRox R RAMESA¥Afe@pylhd Rdihpal ), the
Haber - Wei ss” reaction (reaction in which hydrogen

peroxi de and superoxide anions are reacted in the
presence of trivalent iron ions to produce hydroxyl
radi cal s), the net hodRELAWHIQARdr ogen peroxide is
irradiated with ultraviolet rays, the nmethod in which
water is irradiated wwth ozone and ultraviol et rays,
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gener ate hydroxyl radicals tions ‘that can

radicaieare aAEEH A SedcOwith riima lipidh gldlide | meleitdhdi@ (IDNA, ’a€ARfand the
hydr ogen peroxide, irradiation of ultraviolet rays and
like, ana espegiallisknawn tosequendalbroxpdiasigddi schar ge, or the
i ke. Therefore, it has been desired to develop a
met hod

[0003] Such properties of the hydroxyl radicals have been used to conduct many studies
on methods for purifying noxious organic materials contained in the air and water. These
methods for generating hydroxyl radicals generally include the Fenton reaction (reaction in
which hydrogen peroxide and divalent iron ions are reacted under acidic conditions to
produce hydroxyl radicals), the Haber-Weiss reaction (reaction in which hydrogen peroxide
and superoxide anions are reacted in the presence of trivalent iron ions to produce hydroxyl
radicals), the method in which hydrogen peroxide is irradiated with ultraviolet rays, the
method in which water is irradiated with ozone and ultraviolet rays, the method in which
corona or plasma discharge is generated in water-rich gas or in water (JP-A-2001-70946,

JP-A-2000-288547), and similar methods.



for nore safely and readily generating hydroxyl

radi cal s. [0005] O her neans for generating hydroxyl
radi cals include a nethod that utilizes a
silver-carrying photocatal yst (for exanple,

JP- A-2004-337562). It is known that the hydroxyl

radi cal s generated by such a nethod inactivate viruses

and hacteri [ 0006] However en the sllver carryi
0004 hot ewewsT.yle qbovergientionsd; mgthody dpte screraimneshydree] thdticals are
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viruses and bacteria. Also, i rrpr ovenents can still be
for moradafelyant] ecadily pénecnsighydikglpadiadls.conveni ence,

increased efficiency of hydroxyl radical generation

or control of the gener at ed amount of hydr oxyI

dicals, and the like. [0007] For_ anti-vir

[0005]mt dPthsT $negss fy Ssneaking hydiexreiadisals iAgpda ﬁd@ffth%tﬂil%ﬁ gutilizes a
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e anti-viral agen arge
Vi ruses (herelnafter referred to as appllcatlon
nmeans). The following anti-viral agents (a) and (b)
[0006US edHbyewRn Witsh (@ dilver-gasyin® phctdcatilgs peedet € inactidi® virixes, the
agents referred to as having a relatively clear
phototatalysti iv a¢duinad e bharradinted awich siglt efl 3 cedimiléwet of mtersity such as
the effect of inactivation of viruses is unclear and
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radicalsaed ihediké.on is | ow because, in its mechani sm of
i nactivation of viruses, the hydrocarbon chains
attract hydrophobic viral envel opes, and the cationic
roups near the viruses inactivate the envel oped ,
[0007}i r U antiyaebmgseoals iswgtha dnewavnethedssfor p]@szwaﬂug guses, their
et.c. 001 l\/br eover, for the roduct p#l ed . with
mechgmrp f i \{q"Uégs is ungleatand heir glrotgg Ingetivation is low.

They %lis ﬁ%e 1y 1 gag%g? Qﬁi ﬂ]'g?ﬁ%:)ag]ls lgcérza%glygn% 5 gﬁu—%ﬂal agen'g t‘@)mlelr target
viruses (hereinafter referred to as application means). The following anti-viral agents (a)
and (b) used by an ion and a gas method, respectively, are the agents referred to as having a
relatively clear inactivation mechanism, and are also similar in that the effect of inactivation
of viruses is unclear and that there are limitations on the details and the types of the

application means.

[0008] (a) There is disclosed an anti-viral agent of a two component system of cationic

groups such as quaternary ammonium base having anti-viral activity and hydrocarbon chains



worn or used by health care workers (wound and bum
coverings), patient care articles (sutures and
dressings), and the like are nade. Therefore, there
are [imtations on the application neans. [0011] (b)
There is disclosed an anti-viral agent that

(for examapde, sattraéss! faiy aid) (begdaparicse Paiert No/i32224d8). by chl ori ne
di oxi de gas, which is widely used as bl each,
di sinfectant, and the |ike (see Japanese Patent No.
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by the hydrophobic particles to be i ntroduced to the
etc.). i nsi de of the hydrophobic particles, and 2) the
chlorite salts or the like are hydrol yzed by the
i ntroduced noisture to release hydroniumions, and
e hydroniumions react with the chlorite anions in

[0010f he Mﬁmf@pfﬂr thecprpdats aprlisd mithy antiodse Peareties rtbe ai-yigal agents
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probabi [ty of inactivation of viruses and limted

applicatign ineaiis. on means even when they are used by the ion
net hod, the gas nethod, 3 or anot her nmethod. [0013]
The term "application nmeans" as used in the follow ng

escription of the invention is used interchangeably
[00111M t Hb} Haergpis| dischased Annasingrab pgeidhateingetagtes rmnolds, bacteria, and

) ti- I ts 00141 W2005/ 6 d
virusef Bl RS tigs B et S Aty B Angkaes diﬂ@s%rﬁﬁa@o ¢ Tike (see

omte while the material is still at a
Japan%@%’afq%g%)er% ur "to partially hydrate the dolomte.

The resultant dolomite is pulverized or sieved into
powder with a particle size in the range from0.1 m
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secondary particles, which are agglonerates of the

inwhjghi mary particles, while the primary particles
ConSlt)lat lrllj;dlrgp i tichr(?laterial blended with a source of chlorite anions (chlorite salts,

etc.) is included in hydrophobic particles, allowing moisture adsorbed by the hydrophobic
particles to be introduced to the inside of the hydrophobic particles, and

2) the chlorite salts or the like are hydrolyzed by the introduced moisture to
release hydronium ions, and the hydronium ions react with the chlorite anions in the
hydrophilic particles to release chlorine oxide gas to inactivate viruses.

Therefore, the probability of inactivation of viruses is unknown and the
application means are limited.

As described above, the related-art anti-viral agents have a mechanism of

inactivation of which details are unknown with unclear probability of inactivation of viruses

and limited application means even when they are used by the ion method, the gas method,



secondary particles, have a size in the range froml
nmto 200 nminclusive), and the resultant powder has
anti-viral action. However, no exam nati on has been
made in terns of the generation of hydroxyl radicals,
and thus the details of the nmechani sm of inactivation
or anasher m¢thedes and the probability of inactivation of
viruses are still unknown. [0015] In view of the
foregoing, the present inventors have cl osely
xan.ne by, experinent,,a nmethod for re saf el
10013 5 2T fermp oruf R R, 2 B g R Bl e Bsfpifigng o the
inventidt€is 'E&?J‘ﬂﬁéra{gn%%abﬂp%ﬁﬂ{%é %gblfagtidﬂ MdaisSof lﬁggelﬁ@& art of e%nti-viral
concrete neans“for I nactivating viruses. a resul
agentd he inventors have found several scientific facts
about the inactivation of viruses and have obtai ned
the invention. D SCLOSURE OF THE | NVENTI ON [ 0016] An
object of the invention is to provide a nethod for
[0014}vor eWE22085 40136l Idgscribesdhatswlficni dlemnit¢ i3 cgleined awateagis poured to
radi cal s than the_known net hods for

the calEhANGT P ByTAlCRaldh G S 2 el Femisraiwe -eatighy hydrate he
dolonfE0. ThE BB o biES PR AETAY RSP BTG Qirhpartct Sze in
e ol RS L S E HEBR AN A Rso BEEH s,

contai ns oxi d
whict 18hog@bmeMitds e ieehehnat i, Wnie Merimadipaalcis b8P Ring the
in order to fulfill the objects described above, the

seconddry efrti@es, Peay h dee inhefahgonbngl nhlp Monemhiediusios), and the
generating hydroxyl radicals including contacting
resultpwdererdias anti-visaliadeorof Idowveever, noexkemimatian baslwer ctagd in terms of
fromthe group consisting of alkali netals, alkaline
the geagiatipn pbhydraxyl sadicals and thiss dagpdetailsiad thomeehangsan pleinpefiyiation of
. table, or alum numw th one or nor dr oxi des
virusc 8 Gieafone DUt o KA Hioh G e B8 PLIGAl e ear t h
nmet al hydroxi des, iron hydroxi de, copper hydroxide,
zi nc hydroxi de, alum num hydroxi de, or anmoni um
ydrigxide. h 1 v ol d '
00150 R of b TR, BRASK RGNS o o o, o
experidficit, G0 RicgHodefdr infbré hﬁkl?,dredﬁﬂap ahd effielehay peskritingCidldedxyl Rticals,
dolomte and partially hydrating the cal cined
the meldianiyint &, ac(i@tionted vimasdspahdabe oomtiretg nicang @y jnactivating etruses.  As
t he sl aked dolomte is obtained by calcining a ,
a resulfothe Apveator shaverdaund sgveraltscigntifihipes abaitdhd ingefivapoof wiruses and

3Q00C for 1 to 20 hours,
have o tegned the Enventtlon.

DISCLOSURE OF THE INVENTION

[0016] An object of the invention is to provide a method for more safely, readily, and
sufficiently generating hydroxyl radicals than the known methods for generating hydroxyl

radicals, such as the Fenton reaction.

[0017] Another object of the invention is to provide, based on the fact that hydroxyl

radicals efficiently inactivate viruses, an anti-viral material that contains metal oxide powder



cooling the calcined material to roomtenperature, and
then contacting the cooled material wth 35 to 60
parts by weight of water based on 100 parts by wei ght
of the dolomite. (4) The nethod according to (3), in
whi ch the cal cination of the slaked dolomte is

and a pgdrosidadat BYovh ggtdengratioreoidaidsrsyl eadicalsa t enper at ur e
from700C to 1000C, at a tenperature increase rate of
5 to 10¢ mn and maintaining the tenperature for 8 to
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The method according to (1), In which the powder of

earth feealsyeticdls ok grdeps & to P2 ofl éie iiodinaalse, oratiemidNind®ih one or more
sel ected from nmagnesi um oxi de, cal ci um oxi de,
hydronidﬁfg aclessed fromoxlkdk, metabhydrotidesxdlkidinei qagth (1efal )hydsoxidles, iron
per oxide, zinc oxide, or alum num oxide, and the )
hydrowl@r SRPRfEs grexighe zHIC md@XWd rbumEeE shydedidel PF Gmonium
hvd adi um hydr oxi de, potassium hydroxide, nagnesium
ydrof roxi de cal ci um hydr oxi de, barium hydroxi de,

j:It'lh(l; ven ion a éscgledpr ggnm WM@ IBWJ :lﬁ’%%df‘%)& %%%%Jztal oxide

and ﬂ@é"h&dr&hﬁ@s' arfRlORGIR B éi’ﬂdé@ecﬁ)l(ﬁﬁlt@ B¥iad by BIARRHg I ddlomite and
whi ch hydroxyl radicals are generated by contacting

partiappwieatigf thataldxedigolomitene or nore netal s sel ected from
the group consisting of alkali nmetals, alkaline earth
met &B% Theenethed efcogdiogps (2), irowhRhothe tstaked pieldrmiuﬁ is obtained by
table, or alumnumwth one or nore hydrox

calcingg) gl egpite FymAGLEl At arﬁrmeratﬁrym i/ a(ééi togl) 3!%@1@ fos leta ZPhours,
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ef fi@aj eRt IncaReNREdtfg h[% ‘éﬁ)ofifﬁ/\klhfcﬁ%@@ah&néﬂohr&%e slﬁked dolomite

enpl oyi ng condi tions that” can dangerous to

is perforifRd B dicatisd! e aAdloMit ageant e@dthﬂéefrohlﬂ vo@@ @ a000°C, at a
rays, and corona discharge. [0021] An anti-viral

tempanattier inatcager @ttucfed tbyl OMaxmmgandheamedinog the tergperatuat fan to 12
hydroxyl radicals in the invention can be used as an
hours aifile aff is girculate@intermitatlyt he prevention of viral

(5) The method according to (1) or (2), in which the weight ratio of the powder of
the metal oxide to the hydroxides, i.e., (powder of the metal oxide)/ (hydroxides) is in the
range from 0.001 to 100.

(6) The method according to (1), in which the powder of the metal oxide is
powder of one or more oxides selected from magnesium oxide, calcium oxide, manganese
dioxide, iron (IT) oxide, iron (IIT) oxide, copper oxide, zinc oxide, or aluminum oxide, and the
hydroxides are one or more hydroxides selected from sodium hydroxide, potassium
hydroxide, magnesium hydroxide, calcium hydroxide, barium hydroxide, aluminum

hydroxide, or ammonium hydroxide.



infection in a variety of applications, such as masks,

drapes, and protective clothing. DESCRI PTION OF THE

PREFERRED EMBODI MENTS SUMVARY OF THE | NVENTI ON [ 0022]

The invention is based on the novel fact that hydroxyl

radi cal s are generated by contacting powder of oxides
[0019bf oHlee ivention elsprpraylides gl feldeweilgf r om t he gr oup

consjsting of  alkali_ metals, alkaline earth netals,

met 5 48t agHEips matqrigl prodieed g e 1@6@9&1@, Whieh hydroxy!
o TP 0 RS A Rk 2 B L e om
e o NACOAREof SR K e coRRREATLAN oS )3 of
periodi®A2¢, b aR@ElhimORithabne@ Bk | m¥ter BYdrbREES kddctéd HOm alkali metal

anti-viral properties that is produced by having the
hydrogigied) oglkalimewbarcth iyl dwgioxidesli drahs hadrexige nesgiee chyllyoxide, zinc

contacting oxides of one or 6 nore netals sel ected
hydrogide raluthimugy lyidposédm of smimegitoh hydreside. et al s, al kal i ne

earth netals, netals of groups 4 to 12 of the

periodic table, or alum numw th one or nore

2 8 R e 8 o
and. SERRTRY PORER, 47 Sl PRI L SO i an e

dangeRfis NOMAE hBElAMddy Sudhasdt BydrBgh pa¥addaaranew %/ayg,%f&jcorona

y the inventors regarding the ’nactivation o
dischargeises by hydroxyl radials, such as the foll ow ng

facts (1) to (5). (1) The fact that hydroxyl radicals

are highly effective in independently inactivating

viruses. (2) The fact that active oxygen other than
[0021}y drd% yintivial Baicsiahpedyerd By hadng (e inethogsfr genegating hydroxyl
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conmbi nation of metal oxi de powder with a hydroxi de and
control of the reaction allow the effect of hydroxyl

radi callBESCRIFTEON'@E TNBIFREFER R ED EFEOIDIMBSI TS
i nproved. (5) The fact that the surface condition of

the netal oxide powder affects the generation of

hydroxyl radicals in inactivating viruses.
SUMMARY OF THE NTION

[0022] The invention is based on the novel fact that hydroxyl radicals are generated by
contacting powder of oxides of one or more metals selected from the group consisting of
alkali metals, alkaline earth metals, metals of groups 4 to 12 of the periodic table, or
aluminum with one or more hydroxides selected from alkali metal hydroxides, alkaline earth
metal hydroxides, iron hydroxide, copper hydroxide, zinc hydroxide, aluminum hydroxide, or

ammonium hydroxide.

[0023] In addition, an anti-viral material with anti-viral properties that is produced by

having the method in which hydroxyl radicals are generated by contacting oxides of one or



[0024] The invention will be described in detail.
<Met al oxi de> The powder of oxi des of one or nore
netals selected fromthe group consisting of alkali
netals, alkaline earth netals, netals of groups 4 to
12 of the periodic table, or alum num according to
more miggaly selasietlifiom deigrepamennaisengwicilkatyinetalsdalkaling eatile meitals, metals
reacts with a hydroxjde. The oxides may be nat ural
of grqupy dite diI8), thaPerstdi aBlei erealdBrAUR R o o RPRreNArgridss selected
synt.hetj c,. and. yay used i.ndividyally., or._in )
from é‘ﬁﬁbi WS{%? JP@”&%&%@E@P%S@ Wlhﬁ?fae‘ﬁ%%s’ (" Proxide, copper
hydro_r%e% ’ai Co@{dgse%&égﬁgﬁ}éu@gl gﬁn)éiltdg’r (lsr_a nzrn?@g%?ﬁ%d‘r?%1 co mﬁ?ltnggmon 5
basedioittRe ROV Stientifit facs thaf BRE bERERAWIY Forfidl tha®e iefdrs regarding the
especially porous powder, in terns of efficiency for
inactitdtien @€ neuset bphydrbxylyatfialx slich ascthe fdllewidgfBZ5(1) 1@).powder
of the natural netal oxides includes one produced by
cherfiltalhe faafr dat rhydtoxyphgdicalal arer bighlye affective  inhadepgrnslently
) of a mneral (for exanple, a mneral containing a
INactrgfing VBPSes doubl e salt). The netal oxi des derived from

a m peral t be.made into the tal - oxid owder
* hatCERe g8h Diaseei e pheb e dratiub s, BEEPEr not very
WM i de. . Exanpl es descri bed bel ow).
eﬁecﬂ%@%?eﬂ%ﬁ%%}néﬁiuﬁa&ﬂ@%vﬁ@%sdes descri bed above, for
ex ?‘g(@} The ﬂ@&ﬁ@t%dvﬂf’@@ﬁaﬁ%als SRRt OW R8s viIeRRPSSainst which the
oxi de, zinc oxide, Tron oxide, silver oxide, alumnum
radica@x hidehanisnlof MGctiviatike oBvieusps wbeks effettively.t er ns of the
reactivity with a hydroxide. In particular, when the
met d¥) Toxifabe shat tlad ctebinsigmesi metabxkide powdeaivahunhakoxdde and
as a basic netal oxide, it is easy to generate )
contrg} pf theegactiog allew|te effeat afdydrpawt fadispls inythe grrrsgvasipniaf viryses to be
) of the generated hydroxyl radicals. [0027] Even when
improveh netal oxides are contained in a mneral,

I . . . !
P S hE e R OB TRE s ARG S Rkcoqmoga afecs the
gener:?cldn%f’h?rﬁl%x gigal? hsesati RRisA Met al oxi de powder

that origihat romthe neral or m neral powder
that contains the netal oxides (hereinafter may be
referred to as netal oxide powder originating froma
[0024}ri néeflad inentibhevill b&kégscribddiinldeaile avai | abl e for the
reaction. [0028] However, the netal oxide powder
<Metglraxgferat i ng froma mineral or the like nust be able

t te hyd I di cal s wh [ t ith
h; dr ne}%(gzy 8 o%%%)é%p%{)geplggﬁ@?e metea{]s slefectreg ?r%rr? thVeVI groupaconsisting

of alkali metals, alkaline earth metals, metals of groups 4 to 12 of the periodic table, or
aluminum according to the invention can generate hydroxyl radicals when it reacts with a
hydroxide. The oxides may be natural (typically, a metal oxide contained in a mineral) or
synthetic, and may be used individually, or in combinations of two or more. With regard to
the powder of the metal oxides, it is preferred to use metal oxides as the raw materials that
are converted into powder with a larger specific surface area, especially porous powder, in

terms of efficiency for the generation of hydroxyl radicals.

[0025] The powder of the natural metal oxides includes one produced by chemical



contai ning the netal oxides may al so contain anot her

m neral conponent as long as it does not inhibit the

reaction for the generation of hydroxyl radicals.

Exanpl es of the mineral available for use include

dolomte mnerals, tourmaline mnerals Sfor exanpl e,
treatrrmna\nfwcal sichionant, crribie Bkoaf @ ainerabédl example@rmineral containing a

aolin ner al s, por.phyry, .and oth eral s
sl o G saH i dre f’éﬁglrﬁxéé&? dervegiiodnt m%@{%me%%eﬁrﬂa@gt%ﬁl@e metal

oxide R ngw t‘tﬁ, tceiﬂogééllc%@ t rB)éylﬁgﬁgeﬂ? ﬁ\?]gn ép ot? g%lﬁ']ogl( Fé(groxﬁe (see the

i nati on of netal oxide powder and
Emmﬁ%@%l%@ er, or a conbination of netal oxide

powder , hydroxide powder, and a third conponent
powder. <Hydroxi de> The hydroxi des used in the
[0026] nveitroag thanmbel uselts | dederibieduaddvy,, faar exampte mMnagadsivam Soxide,
8 of two or nore, as long as hydroxide ions can be
calciupr oxiig expppdrenxidey dingsoxider adin ©aids, sver O?Qéfn eihanmdrrbgmdm @nd the
reaction with the netal oxide pomder nmpl es of such

like aﬁwef@rsz@ca@stermmﬁ thg seasHeitbWitherhydrgificox ﬁa@@rﬂ%% ¥theg the metal
oot B BT LRSI el OB L (3 o o
genereﬂg qﬁ{yﬁfg ngierafd?daﬁnéﬁ g’é‘g‘é‘é ggdésneg {ba/t VL g#fut% %éﬂ&ﬁf%'dd@droxyl

radicdlsdi cal s,  sodi um hydr oxi de, potassi um hydroxi de,
magnesi um hydr oxi de, cal ci um hydroxi de, and the |ike
are preferred. [0029] Exanples of the use of the
hydr oxi des i nclude the use of sodi um hydroxi de,
[0027pot aswinumhdnyitie ondtal enxides greecintamdyiar oriinkeal, pulveradatommhemical
hydr oxi de, and an aqueous solution thereof, while
treatrr@klarﬁiwagaldfeatrﬁ@ltugwéﬁmﬁﬁ@ rayldrthﬁ ilife of ithe @aﬂ@ahdiq% fhe metal

s o e SR W7 o
contaﬁgg &1&[: G(h&feuﬂﬁgpl%ﬁg %}é(r?&{)f&'eg m@tgfj?)ﬁfi‘é ?%\g%]ongmamg

an aqueou ion thereo

from Tﬁﬁlé?%lq}i% lﬂéf with he a%%e et tﬁé‘%a&ﬁfnm of a solution

for exanpl e,” aqueous sodi um hydroxide), slurry (for
exanpl e, slurry containing sodi um hydroxide), a solid
(for exanple, anhydrous sodi um hydroxi de), and ot her
[0028F or nHowgvef) 34 nictad nxadb @owtlbreorignohitingifides a anieeciahot the lifke mmst be
of a solid, a reaction site such as a water layer is
able t¢ @en@atedydmyb Fasliqabsnwhen iereadts withaa hydroxide.al Thexingeral powder
r an Hie% ues ence caused by the reaction of

contaiPis o 195 sefceptagk Hy 8018BNH s Lo as it does
not mﬂ%dt " reacet?oh for the generation of hydroxyl radlcals.

Examples of the mineral available for use include dolomite minerals, tourmaline
minerals (for example, dravite, schorl, and elbaite), zeolite minerals, kaolin minerals, quartz
porphyry, and other minerals. Pulverization, chemical treatment, physical treatment,
powderization, and the like depending on the mineral allow the mineral to be made into a
metal oxide powder, a combination of metal oxide powder and hydroxide powder, or a
combination of metal oxide powder, hydroxide powder, and a third component powder.
<Hydroxide>

The hydroxides used in the invention can be used individually, or in combinations



and therefore, a reaction generating hydroxyl radicals
i s engendered. [0032] Wen the hydroxi des are aqueous
solutions, a concentration of, for exanple, 0.001 to
0.8 nmol|l (preferably 0.005 to 0.5 nol/1) is enployed
to provide alkalinity for the reaction, with the
of twaldgampre @y léngcpy hydrokidg iensecanebe prayidetiowherh dydroxyl radicals are

gencrdlay B 6 URICURY Yk T T 0 G HOWTer BEAAGE: Pbyopih Todronices
includg et ot ARMides SRS E ol Akl By B80T At o erat

f . i . S ; i d.ar o .
o KL MR LAY by gk, S pSudd Kt M, o
amm®aGar Iéﬁﬂ&d&é)e Thi tEnd OF WehddtH QA8 tdagy gbradidie o aRBFRYT Pdlicals,

of hydroxyl radicals. The dianeter” of the prinmary
sodiumatydiaxiides pohssite hadidoaide n@agasium htratidd) valicioxm dedroside, and the
preferably in the range from 1 nmto 1000 nm
like arepedfersddve, nore preferably from1l nmto 400 nm
i nclusive, and particularly preferably froml1l nmto
200 riminclusive. Anmong such al kaline earth netal

oo 408 O AT B G R e

wvdr : ' . fici :

poas U SRR e, B R SLRD i B p aueoussouon

thereFFERBIAELRPIES oM RXF tﬁ@ﬁ%&r@&iﬁés B @AbiBSidRS inkh8e the use of a
specific method for generating hydroxyl radicals by

mixtu€odit sddivinnBydroditi@hndpoagiupe Wit oxide hild an Aydooxsdigtion thereof, and
include a nmethod in which netal oxide powder is m xed

a mixiure alhmagnesionshwobuidé and aicishlydpxolf, andmapdiqogdwsolution thereof.
react the mxture, a nethod in which netal oxide
powder and a hydroxi de are added to a protic or

on-proti¢c arganic_ solvent to react the m xture, and
100305 n o byl i he i BiadopBitier SaioR (picrainpl. qucous
. hy. i. i n 0 C1. : a :
st PGPS, A5 R el VRS AP oA APIRE) i or
1Benhe@6hd QidR hydBSidoeAsd 8hkbPRraf. hydroxyl radical s
cxam roceg(grg \I\ﬁ’gh th}é su%ce of tﬁe net al oxi de powder
is surrounded by the al kaline atnosphere of the
hydr oxi de, and the change in the intensity of the
[0031Rl kafEvenewltmihsdtydraxideaasedh thy fadp wéta sodidt hecatikalsitmeuch as a
concentration allows the anount and the rate of the
water dpyriels frineed byfadpgratien of watgd paigl the metabexide pawder anddleliquescence

035] The a nt rati o of. the netal] oxide powder to. .
caused Ry %aﬁastmgfp iRenlid Mgrozide (a5 rees%lﬁ{e, Pibgrb sodem hiroside)
and d%?eg(grgagr%lﬁ 'oh%eﬁﬁgﬁﬁg%ﬁ?ogyi Pa%c%ls%o élngter?de%e%)’ and nore

[0032] When the hydroxides are aqueous solutions, a concentration of, for example,
0.001 to 0.8 mol/1 (preferably 0.005 to 0.5 mol/1) is employed to provide alkalinity for the

reaction, with the alkalinity facilitating the reaction for the generation of hydroxyl radicals.

[0033] An alkaline earth metal hydroxide alone can generate hydroxyl radicals without
contact with a metal oxide. Such an alkaline earth metal hydroxide can be used in the form

of a solution, slurry, a solid or the like, and when it is used in the form of a solid, adsorption



range fromO0.01 to 10, when it is neasured as the
wei ght ratio of (powder of the netal
oxi de)/ (hydroxide). By adjusting the ratio within the
range as defined above, it is possible to efficiently
generate hydroxyl radicals. [0036] For exanple, when
of watengndhedikegitivele reastion frdhe gencetiod of didroxleradigals.oxi bediameter
magnesi um_hydr [

of theyirpda PRERIE 06 medéé%@%f}aan% Qq?qgeﬁﬁl'y @ﬁk{gﬁéﬁ%@?{p@ﬁ&ﬁg?{%@ from
oy o P AR RO B bl s

QX bde) :
pe iy (RANSE 85 200 Snl TR0 A e LA St o
magnEReH 8SHreNIdehd ealaith R0k ptedt@rddsin ferfis %F tHeeRérated amount
magnesSi um hydr oxi de and cal ci um hydr oxi de, the wei ght

of hydraxkyl eadifaly pableeffioibndyfer e igaheratton afdyifdxytmdichlde) i s
preferably in the range fromO0.1 to 2.5. [0038] In the
<Reaginforigenoratige nEhydroxyd radiettsoxyl radicals in the
invention, an additive can also be added in addition
to tivamplesspf Brisaeciifomgiiodfatgenseating dvdsoxyleradials fyegontacting
t he

to. ff.i.ci t.ly. pr. t d t l. ) )
metal ik RO VG RyHREIE PABE 2 Dethpdin aybich maetal, oidg, pepder s

. OXi Ti . AQ- ' ~an. b .
mixedy 4P aq ol Sui6R SERR A5 Eh0sE © gt piGpEtiel® method in
which W@kl der S h'aﬁd?e[ By@ERBE At sl 9 HhGdBL ﬁ&%grotic organic

according to the invention, the netal oxide powder
solverang ich@ dhy dhixxurdeamy bethpdeipawaidhsepal akelkypdwader eadta solid

them as descri bed above, or a mineral that contains
hydrokide lareabneegla inmxdaheaca frrdaygdthemi e reagtidnesite dsmkdbyt thewadsorbed

nodi fication. [0040] Exanples of the use of a m neral
watert hat contains both a metal oxide and hydroxi de

i nclude the use of the slaked powder obtained by the

processes of calcination and hydration (slaking) of a

1003460 PRt Salol o s R § Bl et IO R RGN furtace of
the m%l%?%xi%i% ?6W<tlé?§‘s ﬁfrﬁﬁﬁﬁ?@ By &e eﬁﬁ%ﬁﬁb %ﬁhb%ﬂeﬁw Y H&&Bklla& and the

omte mneral are pertorned der a specia

changep@r gid @nédsitg opfitid @lkalife RitMOsTRred cauked thir adpktindighe alkaline

nmet al oxi de and the hydroxide that cause a reaction
concehwatidnhalogertbe atrioont arid theyrdteoodythe rgaoére@drs of hydrbsyl radicals to be

possi ble to make the mixture into powder for use.
contrgligd41] When a dolonite mineral is calcined, dolomite

raw materials are heated to a tenperature from 700C

to 1300C inclusive and preferably from 700C to 1000C

nclysi ve nder at nos ric,pressure an { a
100351 gt putt D of BB R oS PRE TGPt onie vien they are
brought into contact is preferably in the range from 0.001 to 100, and more preferably in the
range from 0.01 to 10, when it is measured as the weight ratio of (powder of the metal

oxide)/(hydroxide). By adjusting the ratio within the range as defined above, it is possible to

efficiently generate hydroxyl radicals.

[0036] For example, when the metal oxide is magnesium oxide and the hydroxide is
magnesium hydroxide, the weight ratio of (powder of the metal oxide)/(hydroxide) is

preferably 0.1 t0 9. ' When the metal oxide is magnesium oxide and the hydroxide is calcium
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15C/ mn inclusive and preferably from5C mn to
10C¢ mn inclusive, followed by retaining the
above-defined tenperature range for from21 hour to 20
hours inclusive, and preferably from8 hours to 12
hours inclusive. During calcination, CO2 gas generated
hydroigle, tha weightiatip ofiovidgnsf the oretad pxidal’ (bmr@mﬂt)es preferably 0.1 to 4.
i nfluences the deconposition behavior. Wen the
concentrati on of the CO2 gas is high, the

TR BB ) S AR e
s, IR S PERL P A FRE TR B GEAR 3 g e

ox1def/ﬁ%¥dx@db)1s';ﬁefér§bl e aRSaAMrdR0adbest the airflow, and
thus the air is prefera y circulated intermttently.

[0042] Next, after cooling the dolomte to which the
cal ci nation process has been applied to room

[0038} enplarthe mathdROC gemTating lydzogT oRlidals inribe gk, @niagditive can
brought into contact wwth 35 to 60 parts by weight of

also bﬁ/aadé?d iy pdditipn ihmgletab osmiewidf aYd s lgykrosde Wa%ier to more
10 .

efﬁﬂeaﬁi Broanit an P i FheBT of b Sk Haticts) o caamplgttanium

o TR RBEUR, ARy an W PR SR TR R

|n the sl aked dolonmite (slaked powder) after the
sl aking process is preferably in the range from1l to

[0039p% byheri lghiroxyT hedishlaked dgravdex dﬁﬁ rthe edetdb@Varcording to the
cont ai ns magnesi um oxi de (My(D), ci um hydroxi de

invent{aDa ({i@H@Yal oaive pesgieesnd mehlyyﬂr@mdd ma@i\i@(@emed semirately to react

reactive constituents, and the constituents that may
them predageringd ab@ved@rsa masra) tead contams bathyomeiaboddeiand ]%W@dee may be

nstit ts. \Wien other constituents are produced
1med%ﬁh ai%f-ci nati on and hydrati on processes, the
reaction resulting in the generation of hydroxyl
radi cal s may be inhibited Mor eover, when the anount

o R A By 6 R PR il pgoxice

1nc1udéQM€iﬁ§e, oftthe siakstt gitdep bbb tRe procesddd dNcaltkiatibh and ﬂydratlon
preferably 5 to 15% by wei ght, the content of Ca(OH)2

(slakmg @dDat dolé6@¥e hyinesil ght daubie peulefoé r ebdiym ddibmrmtfsambmagnesium
and the content of Mg(OL1l)1.2 is 5 to 25%
carbonige: Ui * MEICERION o113t i the fct avDSDEese: ghalcinvonand hpdiation
rder to nore effjiciently ligenerate h drogﬁyl radi cal s,

of a dglamge aﬂ@@ar gleopgriosmed duide %éae%&ps 348 pqogfigioabtpyproduce a

mixuufq G s EEFr R abin® REPARE SpBRabis» Fclith TS @Fadon of
hydro®y1taditd€ it3CpibRAG nRRE e @tk Ynd pEHEEAY! Yse! N

[0041] When a dolomite mineral is calcined, dolomite raw materials are heated to a
temperature from 700°C to 1300°C inclusive and preferably from 700°C to 1000°C inclusive
under atmospheric pressure and at a temperature increase rate ranging from 1°C/min to
15°C/min inclusive and preferably from 5°C/min to 10°C/min inclusive, followed by
retaining the above-defined temperature range for from 1 hour to 20 hours inclusive, and

preferably from 8 hours to 12 hours inclusive. During calcination, CO, gas generated by
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the range from0.1 pmto 1m In particular, when the

di aneter of the secondary particles is 1 pmor |ess,

hydroxyl radicals are nore prom nently generated.

Accordingly, the inventors have confirmed that this

dramatically inproves the anti-viral effect. 12 [0044]
thermphdachepasitien ob dicoéolpaiig rflucaes dlag dedoppopi o éehayfor.  When the

oxi des ?f al I| earﬂgggetal el enents) and the powder

CONCCRBHHOR @F HgCt de ﬁﬁ%ﬁmﬁﬂs}ué’ilnléﬁaéu% SRfUhet a high
both th i d
cemp i< put @R hBe Ry s BeB] Ble GOk 84 R btggcpmposiion

sur ar ea or nore, and nore

neces&By 15 é?ls@the ﬁﬁﬂ@waaﬁldrtﬁ@sstﬁé Sﬁ‘ 1s§3fef%ﬁ91y§§$ulﬁiéﬁhﬁ€mﬂt8ﬁ1

case a pomder with a large specCific surface area
(m2/g) of 80 n2/g or nore that is difficult to be nmade
into a powder is nore readily engendered and thus

[0042F aciNextatfees codlimgiteeadalomite faowhich éhapatmiragion proasss has been applied
hydroxy radi cals. Even when the specific surface area

to roorrrsterr@%mﬂrﬁ é%O Cono] g (V19 K8 70aNdthe éﬁlOHﬁS? is lyeught intggpntagt with 35

oo Sl RS AR e o
prs 5D 0 e DA 1. POIBL) 9 5 LSS B o

periodfot ﬁférc%ﬁﬁact Wl Wateh 8 Iﬁiéfé%fy%ﬁweeﬁ B%ou?s‘%ﬁﬂuotfﬁﬁlksv §1|1d/ the amount
princi pal conponent of thé netal oxide powder” in the

of wated i tHel ke SoRntieElakenbovdeal afe it ddkiigesrodess is preferably in the
significant fraction of the unit volunme of the netal

range o ktqpdntieweighhe fracti on being, for exanple, 60% or
nore of the unit volune. [0046] <ldentification of

wg@z@yﬂalﬁfdmwg Sﬁﬂ@i@W@%?ﬂﬂaﬂl&dﬁl&%ﬁ@m&Xﬁd@S&%@h gglcium
hycrogids (AR AR (Rnie i REEOTSF (HRIOH hy dis SRS sogiegts and
the cqsfiubiE th GhEAnYY B B AR AXER ¥AENm IEHEGHL AR " BRI LBhstituents.
Whenzotﬁlgr %dhsﬁ H@)a%‘ﬁfb%ﬁé’eﬁaﬁmg%ﬁfcﬁlaﬂﬁn In¥l IlyBRRBR pFocesses, the

reacuéfr%@gs At IB‘QJ% érg{u ng;"lﬂ%rcﬁ’e%@' ELilas 1R GR6M B&h n reacti tion, it is

aci d

reactidn fe@ulﬁﬂ% hye géﬁérmf@mdﬁymmdaa M ninBibited. b eMdgiofer, when
acid (1IPF) to determne the quantity fromthe

the arhbudrad she negnesnim rxideydeofeatdscthp igonkrated acwmpo oh dydwxyl radicals

strong fluorescence (fluorescei n} Qfg% A nmethod in
also dggiicases.et Inathe| sleekﬁd neydesxhe co@t@ntca ds Pet@c?Bd hyoweight and

prefergé}%g &i%{o %R}\r/eg h)pltlgnt[gt?tg)lf f(?aé@ 29':(’;@%%? %v%?&t and preferably
45 to s T%é ggq\l/%hlé;j %n%@}e (é%)(r'étgﬁt)rog:}bﬁgg?ltﬁl?m yg tﬁ)gf%g} vvelgh%i an preferably 10

to 20% by weight.

[0043] In order to more efficiently generate hydroxyl radicals, the slaked dolomite
described above has preferably the diameter of the secondary particles in the range from 0.1
um to 60 um, more preferably in the range of 0.1 um to 10 um, and particularly preferably in
the range from 0.1 um to 1 um. In particular, when the diameter of the secondary particles
is 1 um or less, hydroxyl radicals are more prominently generated. Accordingly, the

inventors have confirmed that this dramatically improves the anti-viral effect.
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(ESR) (c) A method in which the generation and
presence of hydroxyl radicals are 13 recognized by
determ ni ng whet her the purple color of the radica
scavenger 1, 1-di phenyl - 2-pi cryl hydrazyl (DPPI3) is
decol ori zed when hydroxyl radicals are identified
[0047] <Applying nmethod for generating hydroxyl

s A Bt DSt o o e o

clemelyif Ay B8 PRARE con Bl I pBTEIES che) Pl dRfn e mineral
conteu%ﬂ%r oxyfher a(%ﬁlccﬁ{lfedarﬁythé 5? rgﬁhgﬂg %Venﬁgr? oK 61%18re of the unit

S according to t i nvent’i on,

voluméasti tRe! fnelHl K6 bewastaths aSp é@ﬁd‘ﬁlrfaé@ﬁjfe@ bPLe ed? 'y 8r more, and more
cl ot hi ng, and ot her varlous appl i ed products such as

preferateigl 40 inttég ot mate @reavardd byahe BETméthber sThandspbdfas powder with a
When an anti-viral effect is inparted to such a wde

large specifietsyrfade arapiin’4gl gr8méiss of fore exedripdidficulihenba hade into a
effect is inparted by a nmethod such as attachnent,

powdegrdin ég@r@r{eac#ﬂiyxcgqgmﬁf:re aiph G, fagiligtesithe f@ymn forj the generat10n of

hycrof kR g EHOVERR Teopadte itied % fiog 20 b 41 hiion may
occurl BBV GRRRL SR REl Ml effect 1o e 1

neans by using solid

powder as the generation source of hydroxyl radicals,

and thus it becones possible to use a broad range of
[0045RNt i Fhd rahit Rdaerofatie powdds @eamsd ghen!urit bfhi @eidmined by the

[0048] in the case where magnesi um oxi de powder as the
samplimegt &l the pilldlerized wowder, satihar daghan artifitiel momtraof pewtier with different

aqueous sodlug1hydrOX|de as the hydroxide, the )
partldgéh@n@t@% nlb¢ wamatfagéeyama@mltcg)rr@pnﬁ}i@f de/mefahgridgpewder” in

the iy on o RBRICaE oy ESslGe t S AT %%c%%gZoSfetﬂ"ﬁma?@uwf the
metal %%fg%@%*wa& {ﬂ%tlﬁgtgor{ &éé@ Lfo(irtéx @E 2&1{ gpglor&%’f‘{fl? ﬁ xaol

are reac 0 pro roxye
wher eby t he produced hydroxyethyl radlcals are
selectively trapped by POBN to detect the radicals by

[0046ESR. <[depdiRhtidmer Hptery IR flidagwe nade sever al
assunptions about the reaction nechanismof the

gen€rla hyoxofl ridiciloxgte exadiinad snd mishtifiechby tticofollowing methods
exanpl e, a single-step reaction nmechanism a two-step
IHCIUC?H@@WI@WUﬁﬁcham sm and a reaction mechanismin which

hydro er oxi de | prod an |nterme i ate
st adé Plsl’f‘fhé(f P}‘FHQ{( 3}0 B¢ 1AGedswath an active oxygen

detection reagent that uses 2-[6-(4-amino)phenoxy-3H-xanthen-3-on-9-yl]benzoic acid (APF)
or 2-[6-(4-hydroxy)phenoxy-3H-xanthen-3-on-9-yllbenzoic acid (HPF) to determine the
quantity from the fluorescence intensity of the produced compound with strong fluorescence
(fluorescein)

(b) A method in which ethanol and hydroxyl radicals are reacted to produce
hydroxyethyl radicals, and the produced hydroxyethyl radicals are trapped by POBN
(o-(4-pyridyl-1-oxide)-N-tertbutylnirone) to detect the radicals by Electron Spin Resonance
(ESR)

(c) A method in which the generation and presence of hydroxyl radicals are
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The invention has reveal ed a phenonenon in which
hydr oxyl radicals destroy the 14 structure of
viruses, a phenomenon in which hydroxyl radicals cause
aggregation of virus proteins, a phenomenon in which
hydr oxyl radi cal s cause pol ynmeri zation of virus
recogpirest ebyns deterapiding pilaatleareribey pwrplehi ettorhyafr akg | rach@al c &agenger
cause_cha ge in rote| s projecting from
L1y G2 Bpn Gt 1dP B Ry RORHME A o identifcd
| arge chunks or populatlons, by which the viruses are
i nactivated (see the Exanpl es descri bed bel ow).
Targ '
[0047Ey ¢ h‘gﬁ%xh% 91?/@?1?%(} f%?né? Kt % lg%dé( g&alcﬁﬁﬁcz%bﬁdﬁlg?&fﬂe\iﬁ\tf&ﬂon to
anti-virliMesteliAR, as | ong as hydroxyl radlcals destroy the
structure of the viruses, hydroxyl radicals cause an
agg! Dimeteath i ain-pine madareniadh inothe idventisroimeanmsSiberseinelgiiastgs to which
fromthe surface of the viruses, and hydroxyl
an anfigritalceffest sampertech baggingghe h@droqgsﬂ aadinain genesdted hyp thd meghod for
proteins. [0050] Exanpl es of part of the target
genera?tmgdéfégoxwh@ld@alé apqzﬁrqilus 42 ﬁlevnveepg@g, WHQRWﬂBCtS such as masks

and pﬁ%u\vg yl%ﬁ]éq enl g\x;%l{ioqg hﬁ{)!ﬁ%lr@ M{Jsru%ﬁlea? gﬁqagc)tqes that are made

of sué(flroﬁl% Rei'e n%?s%%s Wﬁ?r? ?ﬁ‘ %E%lralsé%%a ¥ i(ij&ﬁgr)ted tfo! sﬁ}fljl \c{iV{;ng %ﬁety of

hepa
appheél%ii’@dlf&se(fcﬁ eﬁ%pﬁh@héﬁ {1 feFUS impAeRt b@"é I%eﬁhbﬂ ‘éﬁch &Mtachment,
'l ow fever virus) pi cornaviruses” (for exanpl e,

adhesml fimtonysippod, zhﬁinﬁimﬂg) Sit Ad&slfab&)thatqaére areMitfiéiseso lithddtions in
exanple, norovirus), filoviruses (for exanple, Ebola

impaning te antevitdhefizot.g Withisgygard thb doentiasabowstar antexeapffest o be
rabi es virus), ?ar anyxovi ruses (for exanple, neasles
impar{gdetgs wislg Vﬁlﬂﬁﬁé@ @pp y:gl)mearﬁ by peisgisplid pawder as the generation source

of hy%gfx} %cﬁ Vi ré{I a]nélltr‘t%gq) g%nlgc\élshgfstgiseeg(a&%&\éér{gﬁusg Rti-viral materials

%H cy virus), and hepadnaviruses (for
Wlthal %?)ql I;’?epg‘?i tis B virus). <Application Means> The

rreans for applying the anti-viral nmaterial allow an
anti-viral property to be inparted to a regi on where

[0048p hulf@Re &ise tWhereanhgrbiui Ghde Sk hsithe @Mt aede piwider is brought
Vi ruses, resulting in inactivation of the viruses.

into ddhent u&hmglued)le; soovote rhytiteeidel & et flgdraxide, ftler generation of a large
i nactivating various viruses and that is easy to use
quantig of hydroxyl radicakslasrbiean confimed biyIthe deterannatipmamethnd wieat mses the
particular |imtations on the usage, fo

.Si ze,
APF B oRyge (8iECtiofh &eageHe ANd (AG dglerden drghed in which ethanol and
hydroxyl radicals are reacted to produce hydroxyethyl radicals, whereby the produced

hydroxyethyl radicals are selectively trapped by POBN to detect the radicals by ESR.

[0049] The inventors have made several assumptions about the reaction mechanism of
the generation of hydroxyl radicals including, for example, a single-step reaction mechanism,
a two-step reaction mechanism, and a reaction mechanism in which hydrogen peroxide is
produced in an intermediate stage.

<Mechanism of inactivation of viruses>

The invention has revealed a phenomenon in which hydroxyl radicals destroy the
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[ 0051] The application neans are used for, for

exanpl e, diagnostic instrunents, 15 extracorporea

circul ation devices, protective articles, clinical

test instrunents (for exanple, gloves, various test

instrunents, sterile cloths, masks, instrument covers,
structangadfbariesy e phenomerqst mawhighthydrass] (adialsecaasspaggregation of virus

.surgical gowns, protective cloths, sterile ¢loths, ,
prote%@%&zenom%%% Enwhich dygroxyl radicals gawg CTiZafeR ehMirus proteins,

ot SRS R 1 RIS O P o

- hygiani c Lo i .
the ufSARY urld) OAEh TR REALT o B RLER, JbplIEfh by A e
viruseB bRth&otivaed iseé R Examphl ¢icfPiBed A&k Ng materials, in

a manner that the function of inactivating viruses can
<TardeeViredebect i ve. [0052] The application neans nay be,

for exanple, a pharmaceutical carrier (in the form of

sol iAiny bf thei druspraeneie inactivaed|tiykby antérvishlanatadaaccerding to the
) conposition, or another application neans for )
inventiih apdenges iydioxyradisala deseiey  thesgryciure gf theeyiises, Bydrgeyl radicals

china, clay.(kaplin sucrgse crystal l.ine cellul ose
cause 2 Qebidindid ABtatinoReS! BRCoitao Rl SaBl e R: of the
' S o o . '
virusEGERIRTAHE AL KBl TR ELSh ph IR Iud Arus grarcng

can be generated. For exanple, the material is

provi ded by nmethods including attachnent, adhesion,
[0050ppP! Exatplesof 4 paatof ale targe virgses tnclsdepipndténzaanths@t (tareample,

When the hydroxide is in a solution form the
highlyapathoegghicalviamanfiudnad vireses Bid SN HEARY/ Vietnahestsapp dndaiomgKong

_nmeans. |In addition, the hydroxide is prepared . )

straing egespravELSes (fap examie; SARS presyi laywiryses (iopexaaeple, hepatitis C virus,

hydroxide is reacted with the ne oxide that is )
dengugr Witisy dePansse: eelécﬁﬁﬁfﬁl@ét YiBh: Slgeg}:,g[\%{leo virg gidaylow fever virus),
- vk radical s, .. | [ . 4h ti .
peorfBE flr SRR By Db, RGBSRl g o

norovir1&t _ﬁlcﬁlilrﬁgéiz?V('fé}e&l(eﬁrg)k{,1 r%}0‘1‘&0 RIrl§ ahé WafRAN irdfd iidPBoviruses (for
previ ously prepared hydroxide. 0053] “Furthernore,
examp¥B erabies VSIS pRXIMxoviiuRe (R VaxhpRE Mcaslenvaugiand hiips virus),
ydroxide, it is not necessary to previously prepare
herpesvirmsésy graplDohayiresas) pdlyomsavisss] aldendvirusasaphrvokiguses, retroviruses
hydroxide in the environnent containing viruses with
(for exameplerbugiangsingmogpfigiericy vgpdyvangelepadnaviigses gior cxamplerhepatitis B
. eans to generate hydroxyl radicals that can
Virus)i nactivate viruses. [0054] in the invention,
jfixcations or partial changes, and additions may be
<Appﬁg%08r}\§?eﬂ§grrade, as long as they are suitable for the

0bj effeSmRing B abYIRE theP BN F2tA allow an anti-viral property to be

imparted to a region where a human or the animal might come into contact with viruses,

resulting in inactivation of the viruses. When using the powder that is effective for
inactivating various viruses and that is easy to use as anti-viral material, the application
means have no particular limitations on the usage, form, size, method of use, and other

characteristics.

[0051] The application means are used for, for example, diagnostic instruments,
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16 significantly inhibit the advantages of the

invention. In addition, such nodifications, changes,

and additions are within the scope of the invention.

For exanple, the invention can be applied as a

pharmaceutical agent (an anti bacterial agent, for
extracoxeongsl eyrcidgtinmedaviass, iuptectbieqandlesmslinital tod istruntentsauraxample,

is able to cause destruction, aggregation, or the Ilkga
glovespfVatps g PARVBRASHYCRIE QMBS gRaskhe IBEWBFH: eCHy dnd bpndages),

n acco dance i th the(ﬁ§ n

hospifa Qs> 10 SEEBlE Tl ot fr i 'C@Oﬁﬁﬁsﬁ?mseﬂotﬁﬁ masks,
1nstru9‘%hfk epsasé@ﬁ f‘t%@d%%@égﬁ@c{@l Stppli -nEth ﬁﬁa%nP ahd masks),

spe nment s, ey are
articles The R fedicalndate (€ k&) ?1% Béddldiﬁes étrﬂi/ 8fHet 52 glemc materials,
EXAMPLES [0056] Exanple Verification of roxy

articles &sh medical Madyheasthwarephosgial OMidhgsH mmwﬁnamﬁmmh@"@ads icont@iners,
0.1 nol /1 sodium hydroxi de (NaOH) aqueous sol ution,

and fenedpackeging xtatarialswisa neaocedhat Bebvadgicanef] yactivagng viruses can be
resultant mxture was reacted with an am nophenyl

effecti¥g. yor escei n (APF) reagent (reagent for detection of
active oxygen), and thus, the presence of hydroxyl
radi cals (- G—|) vvas confirmed and the generation of a

[OOSZL ar au a@z{ﬁ?ﬁ%ﬂg e 36'6 fbfigi 2 a&zh%aé@’ﬁﬁca‘f 8{]’&%{_)(5}?&16 form

ng a ca I'on curve
of sol%(alﬂ?& d‘v‘ p%stye(‘_')r' fHeClﬁJeb oi‘pﬂirnﬁ)égtit&éb’bo %&itﬁﬁ‘f dr %@ﬂl‘éﬁ hpMication
oxid wder was charged in a 1 sodi um

mean$ig rph&trﬂ&eulﬁd}ia aafben USoBO cardriesrinclade cigh alasa [(kamilifl), sucrose,
POBN were further added to the m xture. Hydroxyl

crystatlimdicellllases telacagadand thi like. hanol t o generate hydroxyet hyl
radi cal s, and POBN trapped the hydroxyethyl radicals.
<Embﬂﬁhf§§’é§§9fmli€atf®rmﬁ@é§url ng the trapped hydr oxyet hyl

Eégkfa' ° 3 EaRRHE E@%r%#@gdp%%w N a————
| 5
el R4 D90°pAEATEE, W2P BV Yo efoeh 3 ko

1nc1ucgt%eg§é§tﬁrlng§te @ﬁlbﬁg%igﬁciﬂroggﬁ%igogl%cﬁﬁﬁﬁ 8%1% aﬁléiroghers When
the hyd@MEHRY is irha YaliGdh fBhathe anti-viral material may be included in the application
means. In addition, the hydroxide is prepared separately, and then the previously prepared
hydroxide is reacted with the metal oxide that is provided to the application means to
generate hydroxyl radicals.  In this case, the anti-viral material of the invention includes the

metal oxide that is provided to the application means and the previously prepared hydroxide.

[0053] Furthermore, when viruses exist in an environment containing the hydroxide, it is
not necessary to previously prepare the hydroxide, and it is possible to react the hydroxide in
the environment containing viruses with the metal oxide that is provided to the application

means to generate hydroxyl radicals that can inactivate viruses.

[0054] In the invention, modifications or partial changes, and additions may be

optionally made, as long as they are suitable for the objects of the invention and do not
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oxi des and hydroxi des coexisted was verified. [0059] A
sanpl e obtai ned by calcining a dolomte m neral
contai ning a double salt of cal cium carbonate and
magnesi um carbonate (Ca My (CO),) and by sl aking
~_the dolomte mneral was used as a sanple of mneral
signifiggiye mhibit e advameages obxtheasveatianhy bt @diligies, such modifications,
coexisted. Totall|ly different slaked naterials are . )
changgs, 3g¢ Adeitirpy e WA e SaPE o R HEFNIQTe p dRACHTRIR R dnvention
rocess condition at erature.i.ncrease rat nd.
can b REER 3 A tbaEN i) At (BT RAACEiH RO BE ckhBe Abins other
hsepc j [ a .00 .
organBFSERCENEh (LR AR B Ao ook 9050 i of he
organRBRMFVife SO gehﬁﬁédtkffi}éﬁoxy‘ﬁﬂaﬁicalg%ﬁ hemt@thcé KoM th8Brinciples of
generation nechani sm of hydroxyl radicals ( 011) for
the inggaienat i ng a sl aked material containing cal cium
carbonate (CaC®), cal cium hydroxide (Ca(d 3)2),
magnesi um hydroxi de (Mg(OH), _z), and nmagnesi um oxi de
by sl aki nﬂ the cal cination. The operation

(MO, b al ¢ :
10055 ondl e BB AGl b drscarepIE AT Tsadm Ghdagmplaa The Examples
material dolonmte was cal.cined at a. te rature from
are pafGg e PerbsEbRimE R ARLI G A e raieBIRERd g} ' of the
(91C/m' n for 10 hours and was cool ed down to room
enperature, and then was brought into contact with 45
to 50% by wei ght of water based on the weight of the
dolomte. The slaked material was adjusted to becone
a powder havi ng a speciHXAMRIIHEace area of 40 nk/g or
nore as nmeasured by a BET nethod. Hydroxyl radicals (

OH) were generated fromthis sanple and were able to

i nactivate viruses. [0061] Although the specific
[0056k ur flkaanpie &Yepficagian ahhydroxy sddicedent (sl aked dol onit e)

0 R o TR A LA o
(N aOFg O%El?m%( g(?llﬂg{f%n,sfrfﬁé 'rﬂlfléf ?ﬁ&@?@ V%%Sreéae&m. %l%%%dr&gg the resultant

inventﬁ

icatton of ThactiVva

mixtu¥d wigea_afédwﬁy %ﬂ SRR REOIIERY (APF) feh&enk BR&SY Bl dfction

capability o ydroxyl radicals to ARS Vi ruses

of act{ve® ) Yhd VRS, e bie9érire &f Bydrdgy1naditd1e( PORDURascoafeiddmd the
nmet 5}(%6@?8 [ 0063] ?he sarrplhz ofﬁy Exarrpl(e gﬁ?ont ai ni ng

generataincofuamacger domatt ef hgaCoR) radicals € i- k) wydeanfirohed by quantification
~ (Ca(OH)z), magnesium hydroxide (My(OH),_z), and
using prggitaefiqiyausve de (MyO was used for generating the
hydr oxyl radicals. [0064] Although at first the
control had an infectivity titer of 2,000,000

[0057]OI aqﬁl)?e{m”f)'lé 2 R]Qr%ﬁcation of hydroxyl radicals

Magnesium oxide (MgQO) powder was charged in a 0.1 mol/1 sodium hydroxide
(NaOH) aqueous solution, and ethanol and POBN were further added to the mixture.
Hydroxyl radicals reacted with ethanol to generate hydroxyethyl radicals, and POBN trapped
the hydroxyethyl radicals. An experiment for measuring the trapped hydroxyethyl radicals
was performed by electron spin resonance (ESR). The ESR detected a typical peak pattern

indicating the generation of hydroxyl radicals.

[0058] Example 3 Verification of reaction between reaction sources coexisting in mineral
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infectivity titer was reduced to zero after hydroxyl

radi cal treatnent. [0065] Exanple 5 Verification of

i nactivation of viruses A verification experinment for

the inactivation capability of hydroxyl radicals in

relation to SARS viruses was perforned using hydroxyl
powderadi cal s generated from magnesi um oxi de (MO povvder

and a sodi um hydroxi de (NaCH) 1uneous sol yti on.
Evenl heasugiRtan Of hydrpxyl ﬁ?éh%aéﬁ{t TQF) froen mineral pewﬁrvmtwlnch metal

it | ar erthnthat Exanple 4 at first, the
OXIdeVH}d:l@' ?‘?Xll dwsve %‘bced to zero after hydroxyl
radical treatnent. [0067] Exanple 6 Verification of

i nactivation of viruses Mce in two groups each of

[0059)Mi CA sERPRI SHtAHePby fchkﬁﬁm'g £8olRiiR mineRRcektainii}ea dbiME salt of
mce in one group were owed to inhale the highly

calciupadaniagrrd mdadagnasiunf dadsnae (Car Mgs (COHAahd by slaking the dolomite
HPAI'V) / Vi et nam strain through their noses. The mce in
minerahwad ubesk asga sappleerfemingral quoedler i Wlimial metah exigiegyang hydroxides
pat hogeni ¢ avi an i nfluenza viruses

coexmmdm otaliyeligrent staked imateieds eae \mr@cwcr?% éf(ﬁ?/ dhgxdplomite mineral
deperifiatt P ATOe CRRLENS fo ERECGRAT G Bl e (15 90w condidons

I d of 1000
(such (Y QK pcelof Sfte SLEROAERY t@ta%r@ovy fa"t%L the of her

hand the mice in the group subjected to the hydroxyl
r adi cal treatnment had a viral |load of zero. [0069]

[0060ATD MDhdréfereliteeexipbritblt WaopRicBbi eetedofcpativn dvnditioxny lthat were
radical treatnent, the first one died after 10 days,

estlmatteréfmmxhe gamoration anezharssm bf hyldrpsyl radiealnexIH ploe gaticeding a slaked
after 12 days, and 19 then the |last one died after 13

materwéy@,ntaleyl trra§ﬁrboaat|e (6ACPne caifig g Rysrexde (ﬁaé@ﬁl)z), magnesium

hycroZg P OEp - 3 pdyeiediopriak FBI B SBkE bardlainalin. The
operaﬁ(%g CCE i n:s g&%reg gor e%ﬁrﬁﬁ@ s'%gl\fcﬁ{llg d%g@ﬁﬂa%}l ?a&ﬁ%% cglg{ned ata
tempd\?/?cﬁféqg@rﬁ'moqy kR E‘OOOﬁ@a‘t' r’té ngé’r‘aﬁﬁ'@ ﬁﬁrc(aggﬂteloﬁ? o Y@)‘?/C/ min for 10

et nam stral n was per d under t same condition

hoursa8d Wagtosléd B ®oth teﬁ«ip%fa@ki@ handtthér wad brbbightemobicomtact with 45
had an infectivity titer of 10,000,000 plaque/nL, the

to 50% rifyewdtighti df ywatert masedvars theevsfengbtdoﬁ the Zlotcmig t dihe lslaledb mpakerial was
~ radical treatnent. '

adjusted to become a powder having a specific surface area of 40 m*/g or more as measured

by a BET method. Hydroxyl radicals ( - OH) were generated from this sample and were

able to inactivate viruses.

[0061] Although the specific surface area of an anti-viral agent (slaked dolomite)
disclosed in WO 2005/013695 A1 was 18.43 m?/g, the specific surface area of the sample

described above in the present specification was 40 m*/g or more.

[0062] Example 4 Verification of inactivation of viruses
A verification experiment for the inactivation capability of hydroxyl radicals to

SARS viruses (SARS-CoV) was performed by using the plaque reduction method.
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[0071] Exanple 8 Verification of inactivation of

viruses A verification experinent for the inactivation

capability of hydroxyl radicals in relation to highly

pat hogeni ¢ avi an i nfluenza viruses (H5N1 HPAIV)/ Hong

Kong strain was perfornmed under the sanme conditions

as that of Exanple 4. [0072] Although at first the

control had an infectivity titer of 5,000,000 )
(0063} aqti SAMPIEH Examgle PIAN{ATRING lois’ sl (FC e galcium

ol T AL FE TSP R B o
was By LORERLIROHLES, LA ant] sprice ant [ bodi oo or

projection (spike) proteins existing on the surfaces
of SARS virus (SARS-CoV) particles, and the spike
[0064r ot Aitinsughrat firve tistgoharoklsadodn infeetivity tiger pf12,00@,D@Bplagues mL, the
observed through an el ectron m croscope. As a result,
infectvife titgo s tedbi¢agi td gerneatier iidsexyil tdicatitreaimentind t he vi rus
particles, and the distribution of the gold colloids
was the sanme as that of the spike proteins of the
af%ﬁ% t pe. SARS viruses
9

i . .S t
[0065] g;%?&%?%ﬁﬁt%%ﬁpsﬁw\f OB¥RESEL with hydroxyl

r adi i = td i.es 4 N whi nt i - -

ant i Boaiceh b AR b B ERGRALRRRAY, br BRGRY ragical in
relatidntb&AA8S virike@wab PerEmcABRRE hydRRYI faBRals bEAHES FWRI Ragnesium

observed through an el ectron m croscope. As a result,

oxide {MgOY pbderaind aisdgiunelgliroxdis N A} fficbik @lploace wher e
the proteins were aggregated, grouped, or polynerized,
and the 20 breakdown of the viral structure and the

i nactivation of viruses arising in_association with
[0066} he Evendhejtshart firshtespnicel had gndnfiaeivify tifes dargerthanctaat ¢ffExample

the virus .particles were observed., [0074] Exanple 10

4 i e B s B Ao DRk AR
Western bl ot was performed using anti spi ke anti bodi es
on SARS viruses subjected to no hydroxyl radical

[0067F T eaEfﬁ%}Sle BVEri R SABPINALVARES of YiRieet €d to hydroxyl

radical " treatnent. Electrophoresis was perforned

W t holide i thvedicigitaaly o twiadteshsisedhit fie mide sapppRparde The
of bands correspondi ng to spi ke proteins was confirned
five mace ihlome Faoypl were sillbyved teehhale thy bligblyydathrogeinic alian influenza viruses

treatnent. When a reduci ng agent was added to perform
(H5Ng | BRAPOSMistsan straintibrpugh ngsesf e niemiisthe other group were

correspondi n o0 spi ke.protei was confi  This..
Stfaing%gtrgﬁ%(ﬂ?(tlh th& g}'fcﬁ:rg)lcy? ra%f?c%lstol%lﬁxapn%?e E hi gher - nol ecul ar

[0068] Three days after the infection, the mice in the group subjected to no hydroxyl
radical treatment had a viral load of 1000 plaque/mL in the nasal lavage fluid. On the
other hand, the mice in the group subjected to the hydroxyl radical treatment had a viral load

of zero.

[0069] Among the mice in the group subjected to no hydroxyl radical treatment, the first
one died after 10 days, the next two died after 11 days, the next one died after 12 days, and
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[0075] Exanple 11 Verification of inactivation

mechani sm of viruses Western bl ot was perforned using

anti spike anti bodies on SARS viruses subjected to

hydr oxyl radical treatnment and on SARS viruses

subj ected to hydroxyl radical treatnment in a state
ﬂwnlmh@ﬁém@dﬁﬁdﬁﬁkii¢%@dicaI renover was added to the

generati on sourc f hydroxyl radicals. )

El ectY 6pR&Est Ofetle FBICE dRniBl SFPYmSHRIcdEed ity Aydrgehfadical

added,. and th | sappear ance of bands correspondi ng
treatm(eggggYw% %/Iegfw@rnl% (%ﬁg confirmed on the sanple

subj ected to hydroxyl radical treatnment. On the other

hand, the recovery of bands corresponding to spike

[0070P' Ot Etdtspl¥a Vekfitibh BB thabtivaBiof 8MPirgses © Whi ch a hydr oxyl
radi cal renover (sodiumsalicylate in this case) was

addeAl verTiivagion axbetiateas for haictitanien kyplbiliy bf hadfoxdradicals to highly
renover inhibited the spi ke proteins from having
pathoginghastiaminfleensa afrusasi(ghiN 1 dIRA N/ Migthaoxstrain wasiperfdrmed under the
[0076] Exanple 12 Verification of inactivation
same gpnditiH asihaof fixpmplest condi tions for cal cining and

S B SR s e Bt i BRAPR OB nBave apL. e
infect T L 6 PR R B e i B BBt

dolomte was calcined at a tenperature of 700C or
| ess, cooled down to roomtenperature, and then was 21

[0071r ougHmple B Vetifidatian bf iMattivaibn bovipikeparts by wei ght of
wat er based on 100 parts by weight of the dolomte to
pr oddioerifitatike cexperimenttfer Tl isactvatdre capfabilie o hwdreslyl radicals in
~dolom te containing no nmagnesi um oxide O failed .
relationgoihighiy parhesenigi avigadailugnaa yirysee a1 M%m Keghsten was
enerated hydr OXéfl r adi 091I s The viral agent

t
perforg}%é%ggrg%e ?WWW 6186681 IAxampls provided to the

present inventors by the applicant conpany of the
anti-viral agent disclosed in the sane publication,

o072 Pty S8yl ST b s . o

infectiGhp tice das teddewsitto ize®, aftet Blydroxyt aldidatitiet@mehonat e ( CaCCB)
(purity of 99.90% nmanufactured by Wko Pure Chem cal

I ndustries, Ltd.), magnesi um hydroxi de (M(OH)2)
(purity of 99.90% nmanufactured by Wako Pure Chem cal
[0073) ndugxampe 9 Veriicasion ah thageghes imeehaisaef Yy (purity

?L d 3%@1’?—?%% grqtﬁt{]ogi%% ?@%@ﬂﬁ?}éﬁgﬁg gntg‘tgd?es %ce{ rgn.ol(éiaclolloids were bonded
and made to interact with projection (spike) proteins existing on the surfaces of SARS virus
(SARS-CoV) particles, and the spike proteins on the surfaces of the virus particles were
observed through an electron microscope. As a result, the gold colloids were distributed
around the virus particles, and the distribution of the gold colloids was the same as that of
the spike proteins of the viruses. Subsequently, after the SARS viruses (SARS-CoV) were
brought into contact with hydroxyl radicals, Anti-IgG antibodies in which anti spike
antibodies and gold colloids were bonded were made to interact in a similar manner, and the
viruses were observed through an electron microscope. As a result, the gold colloids were

distributed in a place where the proteins were aggregated, grouped, or polymerized, and the
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reagents for conmponents constituting the viral agent

di scl osed in WD 2005/013695 Al. Subsequently, a

speci men (specinmen No. 1) including a phosphoric acid

buffer (final concentration of 0.1 M, an HPF reagent

final concentration of 5 M, and cal cium hydroxide
breakda@at gHhe yVirglstraadss andrthagaativatipn nhvireses aising iataswiagpn 5acth the

was. prepared. [0079] A _ specinen (specinmen No, 2)

changrr?m% RE fePikg pgptﬁﬁ%@%ﬂ@rspe“a%@é paﬂwrfléparpfﬂﬁwrfren%sewed

concentration of 0.1 M, an HPF reagent (final

concentration of 5 M, and cal cium carbonate

[0074]|( I§ gr%} ufactu r\?é}lﬁIQXUO%qnféﬂﬁ/&o%&}%ﬂ%gl cr)ﬂ%Iruses

ndustri‘e Lt d. concentration o

pr ep%ﬁ@m [)Q)@aﬁ’is PeERBEINBEANG SPEC EHIRN abNabodids bﬁC‘SAR'SnﬁHuses
a phosphoric acid buffer (final concentration of O.

subjedidd toaw HyBfoxylaadiesttreatmerland on SARS dtiseysubjected fo Aydhxyl radlcal
and magnesi um hydroxi de (My(OH)2) (manufactured by

treatmgaiko Plec@opdioegsisc aias Imdogned geithout i rediicimgl agent added, and the
concentration of 50 prepared. [0081] A

disap%@fmmfl(@gé @ﬁéwommgw 151}11]&6] thﬁ@s ézvaé r@@ﬁﬁ@@d ©ngiegsample
subjectb o TP Aaficd IERHETat VOHTOR TGP ek it Ay e f perform
electr(ﬂ?ﬂgge?%s( ﬁ@ﬁ))recﬁ)(}%?lgf atﬁé B cg c%}(re%ﬁ&lfﬁ%n%% 9381?3 ?)g%tg%was confirmed.

ries conce

This ﬁﬁﬁ‘ﬂ@ fcht thOQSiRS pﬁ)télﬁ? e BxiiPE Ty BRIrdN91 rﬁcdlé"%d" @Hd@%ad a

a phosphoric acid buffer (final Concentration of

higheMnoleaniatHweighieagent (final concentration of 51 1 I\/p,
and the viral agent disclosed in W 2005/013695 Al
provi ded by Mochi gase Co., Ltd. (final concentration

75% was prepared. [0083] A speci nmen_ (speci nen

[0075}\|o légamm@ﬂhdu ng a W%im?g@ fanagtivefignmeehanisay ofayiruses
HPF
concBRtE bR s Berdoriecaiding ol ik SRRRSS, REFSARS viruses
st S8R RIS AT L PR B UG P TR ARy B
treatnie@f inlPsdie r'%gﬁa hﬁﬁQX)fl hedcdl hembier W’a@ 2864058 tflé‘%é?l@?dﬁbﬂ source of

was measu uorescent plate reader
hydroRfradiasls. u rﬁé’ctll@ph&%ﬁlk wakbefsrnfed. witHdu h réducthigaigentfadded, and the

hydroxyl radical production. [0085] The result is
disapmaxasne ioff Bealdb ecofiresponding to spike proteins was confirmed on the sample
subjected to hydroxyl radical treatment. On the other hand, the recovery of bands
corresponding to spike proteins was confirmed on a sample to which a hydroxyl radical
remover (sodium salicylate in this case) was added. This indicates that the hydroxyl radical

remover inhibited the spike proteins from having higher-molecular weight due to hydroxyl

radicals.

[0076] Example 12 Verification of inactivation mechanism of viruses
Conditions for calcining and slaking the dolomite mineral in the preparation of

samples in Example 3 were changed to prepare powder of a slaked material containing no

magnesium oxide (MgO). In other words, in this Example, raw material dolomite was

calcined at a temperature of 700°C or less, cooled down to room temperature, and then was
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[0086] In Table 1, the viral agent disclosed in WO
2005/ 013695 Al provided by Mchigase Co., Ltd. was
represented as BRP' (registered tradenmark). Table 1
Speci nen Conponent Anmpbunt of generated radicals No. 1
Ca(011)2 (50 6236 No. 2 CaCa3 (50 mVM) Less than 10
broughbmtcscqvgz(mtb 30 SAtpprts b oveighs of wateg mqea@nrﬁop pagy By weight of
BRP' e tered trademark) 5582 23 No.
the dql@t@@@ﬁ@@%ﬁla%@f feloBrif FT]%lﬁ?aF%‘F@ ai «iéglomiéaneamg no

l.a f d
magniih oS REAAEFD A8 R/, 83835“ Eeample 14

Conpari son of amount of generated hydroxyl radicals
under shaded condition A solution containing 0.1%

00771 1 t akAploX3 de (anab@®parisvRdf aﬁiebﬁhidf her3Rd¥¥ero lradlcals
[ }rmnuf adgiti%red by Wako Pgre Chem cal Inggustrl egﬁ X%I

1% sThevaral gatttdisl Bedl iraMED 2000f 013693 A 1t hasprbOided oo the present
purity of 99.5% manufactured by Sigma Corporation),
inventoes byeihya epplivemt doyirfrany o €hq anirvitay agent gBokpsaden dificasamer iblication,
Wako Pure Chem cal Industries, Ltd.), and 1%
thatlssi’&? ¥étonite used in Exanple 3 was prepared as
descri bed bel ow. [0089] 1 g of the titanium oxide was
added to 9 ml - of pure water to prepare a 10%

07 TP A ROLT T BBl o e

h [ f I '
e 84 140) R ol \CLcn s op s i

Wako/Rire Chemidal Bias@ies 1109orb4d déneﬁﬁm 18 depeRsMOH)) Q@tﬂty bf 99.90%,
of the nmagnesi um hydrOX| was added to 9 nlL of pure

manufggtieed by Wakpdivee £ herdcal fadumessdsy intdhy, chmolx mdgnesium oxide (MgO)
suspensi on. [0092] A 10% sl aked dol om te suspensi on

untwa% PPEpamanuiagosddy Waks Beigdanical dpdustrigstlitdanyergprepared as
0
reagents for coSrHS nee?ltssI go%sﬂttuplgg Oe/cx)/i?eltll e\tlg%rrlt 15318seﬂ mOG\JO a2'685/ 013695 Al.

Subsequently, a specimen (specimen No. 1) including a phosphoric acid buffer (final
concentration of 0.1 M), an HPF reagent (final concentration of 5 [1M), and calcium

hydroxide (Ca(OH),) (standard reagent, final concentration of 50 mM) was prepared.

[0079] A specimen (specimen No. 2) including a phosphoric acid buffer (final
concentration of 0.1 M), an HPF reagent (final concentration of 5 [1M), and calcium
carbonate (CaCQO;) (manufactured by Wako Pure Chemical Industries, Ltd., final

concentration of 50 mM) was prepared.

[0080] A specimen (specimen No. 3) including a phosphoric acid buffer (final
concentration of 0.1 M), an HPF reagent (final concentration of 5 (1 M), and magnesium
hydroxide (Mg(OH),) (manufactured by Wako Pure Chemical Industries, Ltd., final

concentration of 50 mM) was prepared.

[0081] A specimen (specimen No. 4) including a phosphoric acid buffer (final
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t he 10% magnesi um hydr oxi de suspensi on were m xed as
descri bed bel ow. [0094] 24 | 1PF reagent (Daiichi Pure
Chemcals Co., Ltd.): 0.1- L 0.5 M phosphoric acid
buffer (pH 7.0): 20 DL Pure water: 69.91 1 L 1%
titani um oxi de suspension, 10% silver suspension, 10%

concentgfassofufhl Hyljrasx HEE reagenp il @ﬁnce@tratmp/@fs akMyg, and magnesium

ox1de:a]¥[ m,(f@ggifggtg% Ig%{r&]{a]ﬁgPlére Acgq?r d n J%fig gﬁeld%genftr%on of
50 Tn@bjl ver 10/ magnesi um hydr oxi de, or 1% sl aked dolomte
%Vs%P%?P%fﬁ wer e obtai ned [0095] Two speci nens each of
titani um oxi de and silver were prepared. Wile one
was shaded i medi ately after preparation, the other
[0082}’\63 AT §R@indre dspabinken’ QRN by Ghdluding | A PHRESIRMC hbidhblffer (final
then was shaded. The irradiation tlms with room
concehtrgitin ofe& 1 30), amiHRE sagdm (firfiah eotideh@ationnofoiil dé), andl thk viral agent
hour for the silver. The speci nens of magnesi um
dlsclokﬁﬁdndNDj%OOéﬁ@JBé% Iééoprdwﬂcdﬁgy Maghigasereion L 4d. (Bdalshadmgation of
One hour after the preparation of the specinens, the
0.75%3 Ne8REEHASE. hydroxyl radical s generated by the
speci mens were neasured. A fluorescent plate reader
(Varioskan flash, Therno Fisher Scientific KK) was

sed, f ul t e
oossfSors" Gkl TRESHAETAN o) HIAuSE UL R Piyger ina
i
o 1 U e g o A
acontrdlght 100') 0.1% titani um oxi de Shaded 3. 92

Irradiated with roomlight') Less than 0.1 1%silver
Shaded Less than 0.1

[0084] Subsequently, each of the specimens Nos. 1 to 6 as described above was incubated
at room temperature for 15 minutes, and then the fluorescence intensity was measured by a
fluorescent plate reader (ARVO MX, manufactured by PerkinElmer Co., 1L.td.) to quantify

hydroxyl radical production.
[0085] The result is given in Table 1.

[0086] In Table 1, the viral agent disclosed in WO 2005/013695 Al provided by
Mochigase Co., Ltd. was represented as BRP® (registered trademark).

Table 1

Specimen | Component Amount of generated radicals
No. 1 Ca(OH), (50 mM) 6236

No. 2 CaCOs (50 mM) Less than 10

No. 3 Mg(OH), (50 mM) 11907

No. 4 MgO (50 mM) 3918

No. 5 BRP (registered trademark) (1%) 15582
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1% silver + Shaded 2.21 0.1%titanium oxide 1%
magnesi um hydr oxi de Shaded 28.33 1% sl aked dolomte
Shaded 13.84 1) The anount of generated hydroxyl
radicals when 0.1 %titaniumoxide was irradiated with

LWaYaYaVa

Lo ¥ 1 . [PY £ faYal 3 + A 4 I
O 1 urmrrrygrime 1 Ul QU TITTIUt TS Wads dpsulicd 1t U UT 1UU70

No.62) Radm@i ght was radiated for 1 hplesstfad096] These

resul ts reveal ed that unti ke titanium oxi de and
silver, the nethod for generating hydroxyl radicals
in this specification generated hydroxyl radicals even

without light irradiation, that is, exerted
Nt i Vi ffe e n ondi t i qn
0087 D ! S SR PR A5 0F 4l P o o

generdWY@F0c4ls afiedipedhien Ntskng metal oxides and hydroxi des
Solutions as indicated in Table 3 bel ow containing a

total of 1% by weight of a netal oxide, a hydroxide,
or a mxture thereof were prepared. [0098] 1 g of
[0088al clExemly 4 oxi de (Pompansoof ofd Geiountntifgentrated dhalyogd kadicals
Pure Chem cal Industries, Ltd.) was added to 9 nL of
underghaded@endifion o prepare a 10% cal ci um hydr oxi de

suspension. [0099] 1 g of magnesi.um oxide (heavy, o
pur i ysoéi%uoé‘géﬁntﬁk&}%f Q-gt/%Péaéﬂ %&‘b (Hafase t%fl%%nﬁ’ of 99.9%,
ndustri s, d. ., was ded to oPf.. pure ter t
manu 0 & Seaobife ShEBRaRTMBIES 120 LR B AR Gmeter of tes
jeu dr.oxi it 0 f gt :
than B0 8 PR O 2 Ry b Fsftp, QAPordIBRY  E Hpfesium
hydro#ide $putley of opul mamh@mré%fp%k@ PRir@ChOMEPRIdUERies, 1.td.), and 1%
hydroxi de sol ution. [010I] 0.45g of potassium
slakedyadoaie deed(ip Exatpled wdFSeparadastdesdribeé delbyw. Si gma
Cor poration) was added to 4.05 nL of pure water to

prepare a 10% pot assi um hydroxi de solution. [0102]

0. 5g, of copper . oxide article dianeter of less than 5
[0089]m g]u g,qfﬁhggta@g%l oxide(veas added to 9 mL of pure water to prepare a 10%

titanium oxide suspension. Subsequently, 1 mL of the 10% titanium oxide suspension was

added to 9 mL of pure water to prepare a 1% titanium oxide suspension.

[0090] 1 g of the silver was added to 9 mL of pure water to prepare a 10% silver
g Y prep

suspension.

[0091] 1 g of the magnesium hydroxide was added to 9 mL of pure water to prepare a

10% magnesium hydroxide suspension.
[0092] A 10% slaked dolomite suspension was prepared.

[0093] Subsequently, the 1% titanium oxide suspension, the 10% silver suspension, and

the 10% magnesium hydroxide suspension were mixed as described below.

[0094]
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manuf actured by Sigma Corporation) was added to 4.5 nL
of pure water to prepare a 10% 26 copper oxide
suspensi on. [0103] For a 10% magnesi um hydr oxi de
suspension and a 10% sl aked dolonite suspension, the
suspensions used in Exanple 14 were used. [0104]
SubsHEEéﬁ?ﬂgﬁlyt(%pdufm@ﬁ@calﬁé@s&ﬁ@h@rﬁﬂhere m xed as
descr | bed be 11:9 ](@EPF rea nt (Daiichi Pure
Cherfi- @ME @8 OHCL% o (o 7.0): (?0 phosphoric acid

buf f ("PE‘ 895 20 DL Pure water: 69.9 DL Each
sus ngél 6]? 1 P L Table 3 indicates the
80
ConCR BT BA BRI o TR )P AR Ricronice

suspe@ﬁ?bﬁ?@%@éﬁé@dﬁlomﬁéﬁﬁpwcﬁf 1fPure water 10 - L Sl aked
dolomte used in Exanple 3 (1% 10% sl aked dolomte

S us persrdinglst GperitnenChir aneasuieyenoxongining %) 0. 1%Aitamiual owide, 1%

hydr oxi de su Cgensi on 10 D L Magnesium oxide (1% 10%
silver, teigmegiasimnoRycexide op ehsiabad dolomite susprgies vara aki de

(1% 10% nmagnesi um hydr oxi de suspension 10 D L

Magnesi um hydroxi de (0.5% 10% magnesi um hydr oxi de

100/
10095 s RN S8R fach 1t gniug] ik g sty (péqgggd“ SR one

ves SEPALTPRAERNL 0 U kAT B, o
(ﬂuor&)féﬁt Oﬁgh%ear{cp ¥ Wéso %&EHC |y YA ROl BnB YR RE %bﬁnhg'ilt Rvas 30

Magnéesi um oxi de (0.5 10% magnesi um oxi d
rmnutaslfdi&hé i@ dkide arfebll &&ﬁlr R g chiloeti d€hd @péé%leribwfo magnesium

pot assi um hydroxi de solution 51 1 L 27 Magnesi um oxi de
hydrogide 824 slaksd drigmes ivare oaintencsisbpdarsi €medbul after the preparation of
the specimens, the amounts of hydroxyl radicals generated by these specimens were
measured. A fluorescent plate reader (Varioskan flash, Thermo Fisher Scientific K.K.) was

used for the measurements. The result is given in Table 2.

Table 2
Amount of generated
Specimen Light irradiation condition
hydroxyl radicals
Pure water Irradiated with room light 0.00
Irradiated with room light 100"
0.1% titanium oxide
Shaded 3.92
Irradiated with room light? Less than 0.1
1% silver
Shaded Less than 0.1
1% silver +
Shaded 2.21
0.1% titanium oxide
1% magnesium hydroxide | Shaded 28.33
1% slaked dolomite Shaded 13.84

1) The amount of generated hydroxyl radicals when 0.1% titanium oxide was irradiated with
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Sodi um hydroxi de (1% 10% sodi um hydroxi de sol uti on

101 1 L Potassium hydroxide (1% 10% potassi um

hydr oxi de solution 101 1 L Copper oxide (1% 10%

copper oxide suspension 10 L Sodi um hydroxide (0.5%

10% sodi um hydroxi de solution 5 DL Copper oxide
room(lghta’%Solmwmsp@@assamedéob@é(pﬂ%su on 5 - L [0106] The

mens were | eft shaded for 1 hour after the

2)R0‘Eﬁn Fues radatedder kBRI the anmounts of generated

hydr oxyl radicals were neasured. The amount of

generated hydroxyl radicals after a 0.1%titanium

o SRy IR AL OBl B 8 e o

generd¥s k@l YRIAICRMRAAT PecifddidntdReraBasdi e ARt é/en ithout
The r}gs(gzliyt is given |S%6Tabl e Zga Tabl g@gﬁount of v

light igedietiad, etht vy eeory hnti-ail @fbsgs den ubachadsa doaloibns.
control) Pure water 0.00 Sl aked dolomite used in
Exan'pl e 3 (1% 12 37 Cal ci um hydroxide (1% 14. 27
gnesi um oxi de (1% 15.07 WMagnesium hydroxi de .
[0097]26 1Examplg hesi um hﬁ@l@w&@n(@f gmppuD3 Oﬁgen%tgﬁe@dm radicals

0. 59 m hydroxi de (0.5% 19.65 Magnhesi um
umg&%?i%@“%é? hyg (f Qm hydroxi de (0.5% 18.49 Magnesium

oXi dgy (R i BEASF I ALY § b A ontning® total of 1% by weight of a

metal oxide, a hydroxide, or a mixture thereof were prepared.

[0098] 1 g of calcium hydroxide (purity of 96%, manufactured by Wako Pure Chemical
Industries, 1.td.) was added to 9 mL of pure water to prepare a 10% calcium hydroxide

suspension.

[0099] 1 g of magnesium oxide (heavy, purity of 99%, manufactured by Wako Pure
Chemical Industries, 1.td.) was added to 9 mL of pure water to prepare a 10% magnesium

oxide suspension.

[0100] 0.45g of sodium hydroxide (purity of 97%, manufactured by Wako Pure
Chemical Industries, 1.td.) was added to 4.05 mL of pure water to prepare a 10% sodium

hydroxide solution.

[0101] 0.45g of potassium hydroxide (purity of 85%, manufactured by Sigma
Corporation) was added to 4.05 mL of pure water to prepare a 10% potassium hydroxide

solution.

[0102] 0.5g of copper oxide (particle diameter of less than 5 [0m, purity of 98%,

manufactured by Sigma Corporation) was added to 4.5 mL of pure water to prepare a 10%
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21.96 Magnesium oxide (0.5% 28 Sodi um hydroxide (1%
3.29 Potassium hydroxide (1% 2.88 Copper oxide (1%
Less than 0.1 Sodi um hydroxide (0.5% 2.62 Copper
oxide (0.5% [0107] Exanple 16 Duration of hydroxyl
radi cal generation Each reagent was m xed as descri bed

coppepexidosuspensidra suspensi on of a metal oxide and/or a
hydroxide in a manner simlar to Exanple 15 to prepare
a specinen to be neasured. [0108] TIFF reagent

Dai 4, chi e Chem cals.Co., Ltd.): 0.1- L. 0.5 .
0103 podiifion: hcmaPBabiEs Veiice. glsPersip it 4,100 Jaleg cotomite
suspefifor 1R duspdridBhls SWARAFRAMB 13Qkrd ydeg TabI € S 1 ndi cates
the concentrati ons and amounts of fetal oxide
and/ or hydroxi de in each specinmen to be neasured. Table
5 Speci nen Content Pure water Pure water 10 - L

[01045 ak®bsetplently, tprecinsed formdéasampleat Fere kffked &estritied elow.
dolom te suspension 10 DL Calciumhydroxide (1% 10%
cal ci um hydr oxi de suspension 10 DL MO 1% 10%
magnesi um oxi de suspension 10 DL M(OH 2 1% 10%

[0105hagnesi um hydr oxi de suspension 10 D L 10% magnesi um

hyd "Bk qgaggrlljts( atichi %rescgen%icallg/%gibt&):%i 155/14- MO 0. 5%
0.5 M phosphoric acid buffer (pH 7.0): 200L

Pure water: 69.90 L
Each suspension: 10001
Table 3 indicates the concentrations and amounts of a metal oxide and/or a

hydroxide in each specimen to be measured.

Table 3

Specimen Content

Pure water Pure water 100L

Slaked dolomite used in Example 3 (1%) 10% slaked dolomite suspension 100 L
Calcium hydroxide (1%) 10% calcium hydroxide suspension 100JL
Magnesium oxide (1%) 10% magnesium oxide suspension 10" L
Magnesium hydroxide (1%) 10% magnesium hydroxide suspension 10 L
Magnesium hydroxide (0.5%) 10% magnesium hydroxide suspension 51 L
Magnesium oxide (0.5%) 10% magnesium oxide suspension 51 L
Sodium hydroxide (0.5%) 10% sodium hydroxide solution 5L
Magnesium oxide (0.5%) 10% magnesium oxide suspension 51 L
Calcium hydroxide (0.5%) 10% calcium hydroxide suspension 5 1L
Magnesium oxide (0.5%) 10% magnesium oxide suspension 51 L
Potassium hydroxide (0.5%) 10% potassium hydroxide solution 5[ L
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10% magnesi um oxi de suspension 51 1 L 29 [0109] The
reagents were shaded i nmmedi ately after the
preparation, and the anounts of generated hydroxyl
radi cals were msasured after 1 hour and after 12

Ay Al [ PAH [
IIUuI S. IIIC atrount UI HCIICI atet ITyUr OXYyl I'aurl ¢dl S

Magnaﬁtlmroxaiedo 5% tit ani um oxi del@omagnesiumeaxiderspspgnsioed ] L

annAns

room ||gnt for 30 minutes was assunmed to be 100%

SOdluﬁshme?ﬁ Elanpl e 4 and was r el QpisodPn ydrrigesglutignid AU L

the u amounts. The re
Potasspgg Xﬂr“?z&ﬁ) of gener at ed i@d PBS@&%@@%H@&@ Station 100 L

ConpgIKElERT "0 00 0. 00 S aked|, L%%swé*ei bk tHTL 5

Sodiofherdfa005955" 15 "y 2] AR SeAR Rt
Copp&t-oxIENOS. 5% 23. 73 74. 84 [ ] @hpphegidle s@pEhdich 50 L

radicals in this specification continuously generated
a sufficient anpbunt of hydroxyl radicals that stil
[0106 nabI'fedsperimene svere ldfieshaded farviaheadr dftar abeg brepagaéon oahd then the
from1 hour after the start of generation to 12 hours
amougtst ef gepaated apdroyyd radicalexwers| Beasprahnphie serpust of generated

T g SRl e
minufRH4S %SS#%F%%’O%@M e P Fpde BP0y Safial fim e

meas&éd%ﬂbﬁﬂts Slﬂlsl?ﬁglgﬁy i ym oxi de as the netal

oxl and magnesi u roxi de and/or cal ci um

hydr oxi de as the hydroxide. [0112] Specifically, each

reagent was m xed as described below to prepare a
Tablegpem men to be neasured using a suspension of a netal

oxi-de—and/for—a hdeuXidc HATa—ranmer—simitar—to—30

Amount of generated hydroxyl radicals1)
Specimen

(% of control)
Pure water 0.00
Slaked dolomite used in Example 3 (1%) 12.37
Calcium hydroxide (1%) 14.27
Magnesium oxide (1%) 15.07
Magnesium hydroxide (1%) 26.17
Magnesium hydroxide (0.5%)

23.73
Magnesium oxide (0.5%)
Sodium hydroxide (0.5%)

19.65
Magnesium oxide (0.5%)
Calcium hydroxide (0.5%)

18.49
Magnesium oxide (0.5%)
Potassium hydroxide (0.5%)

21.96
Magnesium oxide (0.5%)
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Exanpl e 15. [0113] RPF reagent (Daiichi Pure
Chemcals Co., Ltd.): 0.1- L 0.5 M phosphoric acid
buffer (pH 7.0): 20 DL Pure water: 49.91 1 L Each
suspension: 30 DL Table 7 indicates the

+ + 3 -~ + £ + [l HEpA | -~/
CUITCTIIUT Al T OIS diTu Aalfoulit S [l et ail UXT UT alrds Ul

Sodiuhylirdoceiide(1P7 each speci men {08.28e neasured. Table 7

ya ya

Ca( o) 2" vgO vg("OF) 2~ Contemt 1%ﬁ/ﬁ) (99 (% 0 0 1 10%
Potassigigdwdiosidei’at oxi de suspensi 88310 p L, pure water 20 n

L 1% nggnesi um oxi de suspension 10 p L, 9% magnesi um
COPP‘W)%‘FQ%E;?P 0 0.1 0.9 suspens Sﬁﬂi@(l)_-?L, pure water 10

. J L 2%. i um oxi de suspénsion 10 E L, 8% magnesi um
Sodiu 6%1@%@%%({03)0. 2 0.8 suspensb%g 10 p L, pure water 10

. 3% nesi um oxi de suspension |10 F L, 7% nmagnesi um
COpp%ydg%&gﬁgzg 0 0.3 0.7 suspension 10 | 1, pure water 10

J L 4% magnesi um oxi de suspension 10 L L, 6% nagnesi um
hydroxide 0 0.4 0.6 suspension 10 E L, pure water 10

[0107]7 L Bampignesi um oxXiDdetishsprydoon rddicabgdnerdifimnagnesi um
hydroxide 0 0.5 0.5 suspension 10 P L, pure water 10
1 L Badhrmeagesswanmascdde dsscsibeth bélow ubingla duspestomad mesetahoxide
hydr oxi de

and/ orya hydroxide in a manner similar to Example 15 to prepare a specimen to be

measured.

[0108]
HPF reagent (Daiichi Pure Chemicals Co., Ltd.): 0.1 0L
0.5 M phosphoric acid buffer (pH 7.0): 200L
Pure water: 69.90L
Each suspension: 10001
Table 5 indicates the concentrations and amounts of metal oxide

and/orhydroxide in each specimen to be measured.

Table 5
Specimen Content
Pure water Pure water 100L
Slaked dolomite used in Example 3 (1%) 10% slaked dolomite suspension 100 L
Calcium hydroxide (1%) 10% calcium hydroxide suspension 100JL
MgO 1% 10% magnesium oxide suspension 10 L
Mg(OH), 1% 10% magnesium hydroxide suspension 10011
10% magnesium hydroxide suspension 51 L
Mg(OH), 0.5% + MgO 0.5%
10% magnesium oxide suspension 51 L
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0 0.6 0.4 suspension 10 E L, pure water 10 7 L 7%

magnesi um oxi de suspension 10 E L, 3% rmagnesi um

hydroxide 0 0.7 0.3 suspension 10 P L, pure water 10

1L O O0.8 0.2 8% magnesi um oxi de suspension 10 P L, 2%

magnesi um hydroxi de 31 suspension | OF L, pure water
[0109h 0 -Thd regganisegere shagded aximediagaly piéai shoprep@ragon, andghe amounts of

magnesi um hydroxide 0 0.9 0.1 suspension 10 L L, pure
generqlg Bydra| Jacicats merg magsk e gResh pH RYd ABs o pdifigiagppunt of

0 t 2 1% cal ci .hyd I d :
senerditt Butior B e 40, i Grnlit HRE apBliPaR iriieg wgin room
g 5 PENEAS el Qs X S i SRSl compaed
with tR&/AREMSEPIMothtd OFhk rBsuf id&lveéh ih TaBfogTRgNEsi um hydr oxi de

suspension 10 -1 L 1 % cal ci um hydr oxi de suspensi on 10
P L, 2% nmagnesi um oxi de suspension 0.1 0.2 0.7 10 a

L, 7% magnesi um hydroxi de suspension 10 J L 10/0
Tableéal ci um hydr oxi de suspension 10 J L, 3% nmagnesi um

A N A A~ A~ e~

oxi de suspension 0.1 0.3 0.6 10 D L, 6% magnesi um .
hydr oxi de suspension 10:1 L 1 |sh@gpe|figehsraiedydrexyl radicals
3 .suspension 10 P L, 4% magnesi U”LO%? de suyspension 0.1
PECIHER 0.5 10 a L, 5% magnesi um Mydt &G8E°Huspensi on 10 J
L 1% cal ci um hydroxi de suspensi L. L, 5% nagpesi.um
oxi de suspension 0.1 0.5 0.4 &ft]er]l%our ARGP12 HBurs
Pure water 0.00 0.00
Slaked dolomite used in Example 3 (1%) 12.37 60.89
Calcium hydroxide (1%) 14.27 47.49
MgO 1% 15.07 34.15
Mg(OH), 1% 26.17 62.18
Mg(OH), 0.5% +MgO 0.5% 23.73 74.84

[0110] These results revealed that the method for generating hydroxyl radicals in this
specification continuously generated a sufficient amount of hydroxyl radicals that still
enabled viruses to be inactivated through a period from 1 hour after the start of generation to

12 hours after the start.

[0111] Example 17 Comparison of amount of generated hydroxyl radicals

using a combination of calcium hydroxide, magnesium oxide, and magnesium hydroxide
Specimens were prepared so as to have a total weight of a metal oxide and a

hydroxide of 1% by weight using magnesium oxide as the metal oxide and magnesium

hydroxide and/ or calcium hydroxide as the hydroxide.

[0112] Specifically, each reagent was mixed as described below to prepare a specimen to

be measured using a suspension of a metal oxide and/or a hydroxide in a manner similar to
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10 D L, 4% magnesi um hydr oxi de suspension 10:1 L 1%
cal ci um hydroxi de suspension 10 E L, 6% nagnesi um
oxi de suspension 0.1 0.6 0.3 10 n L, 3% magnesi um
hydr oxi de suspension 10 -1 L 1 % cal ci um hydr oxi de
suspension 10 P L, 7% magnesi um oxi de suspension 0.1
Example7150. 2 10 a L, 20% nmagnesi um hydr oxi de suspensi on 10
J L 1% cal ci um hydr oxi de suspension 10 E L, 8%
magnesi um oxi de suspension 0.1 0.8 0.1 10 n L, 1%
[0113Eagne3i um hydr oxi de suspension 10 -1 L 1 % cal ci um
ydr oxi de suspension 10 P L, 9% magnesi um oxi de

Sus Fﬁpﬁg&%entQD]aﬁaﬁ%upe %ﬂ%ﬁf&l‘s‘gﬁ}o,ﬁag . f9kL 2% cal cium

hydr oxi de“suspension 1 ghesi um hydr oxi de
0.2 ®s5 @/{ﬁh&bﬁ@ﬁ‘@@i@mﬂe@(ﬁ_{%m:%fﬂwm er 10 J L 2%
cal ci um hydroxi de suspension 10 C L, 1% nagnesi um
oxi deurswapens.@nl. 0.2 0.1 0.7 10 n L, 7% magnesi um
hydr oxi de suspension 10 -1 L 0.2 0.2 0.6 2% cal ci um
hydriadhgespsosiper®®iion 10 L L, 2% magnesi um oxi de
suspension. 32 10 n L, 6% nagnesi um hydr oxi de

suspkablg dningecates thepagnesnEations rpdr 8RIOHBISs Bk jaali xide pand/or

F L., 3% nmagnesi um oxi de suspension 0.2 0.3 0.5 10 a
hydro@@%%%‘éﬁ?%@?ﬂﬁ%d?@ﬁ?@ - suspension 10 J L 2% cal ci um

hydr oxi de suspension 10 L L, 4% magnesi um oxi de

suspension 0.2 0.4 0.4 10 D L, 4% magnesi um hydroxi de

TableFuspension 10:1 L 2% cal ci um hydr oxi de suspension 10 p
L . ,

5% magnesium oxide suspension
Ca(OH), MgO Mg(OH),
Content
(%) (%) (%)
0 0 1 10% magnesium hydroxide suspension 100 L, pure water 200 L
1% magnesium oxide suspension 100 L, 9% magnesium hydroxide
0 0.1 0.9
suspension 100 L, pure water 100 L
2% magnesium oxide suspension 100 L, 8% magnesium hydroxide
0 0.2 0.8
suspension 100 L, pure water 100 L
3% magnesium oxide suspension 100 L, 7% magnesium hydroxide
0 0.3 0.7
suspension 100 L, pure water 100 L
4% magnesium oxide suspension 100 L, 6% magnesium hydroxide
0 04 0.6
suspension 100 L, pure water 100 L
5% magnesium oxide suspension 100 L, 5% magnesium hydroxide
0 0.5 0.5
suspension 100 L, pure water 100 L
6% magnesium oxide suspension 100 L, 4% magnesium hydroxide
0 0.6 04
suspension 100 L, pure water 100 L
7% magnesium oxide suspension 100 L, 3% magnesium hydroxide
0 0.7 0.3
suspension 100 L, pure water 100 L
0 0.8 0.2 8% magnesium oxide suspension 100 L, 2% magnesium hydroxide
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0.2 0.5 0.3 10 a L, 30% nmagnesi um hydr oxi de suspensi on
10 J L 2% cal ci um hydr oxi de suspension 10 P L, 6%
magnesi um oxi de suspension 0.2 0.6 0.2 10 a L, 20%
magnesn um hydr oxi de suspen5| on 10 J L 2% cal CI um

Ilyl.ll UKXI UC buprIlbl UTl J.U I_ L, I/() IIuglICbl Ut U)\I UC
suspension 0.2 07 0.1 10 D EUSpel.l%Iriﬁ@haslrewmﬂ@rloxi de
SUS pensi O 1071 2% catcium nyorOX| de suspension 10 E
L, |8% magriesi um oxi de%’s Bapets) @ide supemsion 1§ l%enaglfsmmhydromde
O pune Rater| 10°F1 L 3% cal ci um hydr oxi de sus 56 n 10
L L, 7% mdgnesi um hydroxi de &B%Y! 9 sHT? éﬁ% or 10 E
L, |pure water ;10 ]LSM{gcaIc:lu Igidro Lo
07 F esium Ydeesus S ngtﬁﬁlle, ¢ QHZODL
10 |E L. 1% madnesium oXi’ eag%usp AT on ™y 661
0
n L, . 6% magnes! um hydlr/oeéicﬂl% h§df0cﬁcﬁigg.§f)egsnonjlgm LJ9A)Lm é)smm hydroxide
o.1callci ugn hydr oxg de| suspensi on” 10 2% magnesi
oxilde suspension |0.3 0.2 0. SSL;gg)gngonuogﬁ%um@gﬁ)lgm
hydroxi de Suspensl oh 10 J | 3% calcium im/r{r oxi-de
sugpension 10 L L,| Blarhgmesbitds@pdnge 19|sp1mﬁagﬁe'slum®xiae suspension
010.3 004 10 D L8 4% magnesi um hydr oxi de suspension 10:1
L 3% cal cijum hydr oxi de sumné%mg@@urﬂhyuroxid@minemm
oxirde suspension [0.3 0.4 0.3 10 a L, 30% magnesium
hydr oxi de sugé)ensn ohfo cplgium hlxdr@%‘félape@smﬂp ﬁdef’/@tmgg@um OXIde suspension
Olsyuspeddi on 10 5% magnesi um oxi de_suspensi on
0.5 0.2 10 D L, 2% magnesilny Aygraciye Yg{%lﬁ%?i%’%lﬁnioc%
L 1% calcium hydroxide suspension 100 L, 3% magnesium oxide suspension
0.1 0.3 0.6
100L, 6% magnesium hydroxide suspension 1000 L
1% calcium hydroxide suspension 100 L, 4% magnesium oxide suspension
0.1 04 0.5
100L, 5% magnesium hydroxide suspension 1000 L
1% calcium hydroxide suspension 100 L, 5% magnesium oxide suspension
0.1 0.5 04
100L, 4% magnesium hydroxide suspension 1000 L
1% calcium hydroxide suspension 100 L, 6% magnesium oxide suspension
0.1 0.6 0.3
100L, 3% magnesium hydroxide suspension 1000 L
1% calcium hydroxide suspension 100 L, 7% magnesium oxide suspension
0.1 0.7 0.2
100L, 2% magnesium hydroxide suspension 1000 L
1% calcium hydroxide suspension 100 L, 8% magnesium oxide suspension
0.1 0.8 0.1
100L, 1% magnesium hydroxide suspension 1000 L
1% calcium hydroxide suspension 100 L, 9% magnesium oxide suspension
0.1 0.9 0
100L, pure water 100L
2% calcium hydroxide suspension 100 L, 8% magnesium hydroxide
0.2 0 0.8
suspension 100 L, pure water 100 L
2% calcium hydroxide suspension 100 L, 1% magnesium oxide suspension
0.2 0.1 0.7
100L, 7% magnesium hydroxide suspension 1000 L
0.2 0.2 0.6 2% calcium hydroxide suspension 100 L, 2% magnesium oxide suspension
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3% cal ci um hydroxi de suspension 10 E L, 6% nmagnesi um
oxi de suspensi on
hydr oxi de suspension 10 -1 L 3% cal ci um hydroxi de
suspenS|on 10 P L,

N 1M 11

0.30.6 0.1 10 n L, 1% rmagnesi um

7% magnesi um oxi de suspensi on 0.3

1M1 1 A-0./

U U 1UJL, purc VV(IL Tl LULL OO =470 L,al CT UtTi IIYUI U)\I UC
suspension |0 F L| 6% nmaghEsl anrhgndsiax dexidguspergio106) L
suspension 10 L Ly pure water 10 J L 4% cal ciunm, . .
hydr oxi de [su spens ensi oo sium hydroxidesuspegendi b n 3yxmagaesium oxide suspension
02sugpensi on 10.5 1? ﬁ, 596na pesi n1h¥droxi%2
suspensi on 10:1 L 4% cal c'qp:]ﬁ @W?l yg{%l 50 1%
L, 2@6nagnesiun1o L. .
3240% magnes) urg py o oot e e hpchidh -, S ekt g sensn
hydr oxi de suspen3|on 10 LléﬂL§&%ﬂ%§9ﬁ§hﬁ%h&&h$§mwn1mjL
suspensi o 0.4 0/3 0.3 10 a % magnesi um
hydr oxi d e |suspensi ofy, &Riuh bhdréiee @@beﬁildﬁﬂ) h )Ld.ﬂ'/&ﬁégﬂéélum oxide suspension
02suspensi on 1001 L| 4% magnesi um oxi de suspension 0.4
0.40.210n 1L, 2 onagnesnmmnb%dmgxmﬂ&m@m&m&u&m@mnanl
E4%-calctum-hydroxi de—suspension—16-€ L —S%magnesium
oxilde suspensi on | Q2%caRiug hidrdxidkGuspendion 10 94 nifigmagsdsiymmoxide suspension
02hydr oXitde |suspension 10 -1 L 4% cal ci um hydroxi de
suspension 10 p L| 6% magHEsh dmmegicdian bgoydiryspesion 4
0.6 0 10 L, pure vvater 10 n 5% cal ClI umh dr oxl de e
opSuspension 10 C L Bohugied P YAl d agnesium oxide suspension
100L, 1% magnesium hydroxide suspension 1000 L
2% calcium hydroxide suspension 100 L, 8% magnesium oxide suspension
0.2 0.8 0
100L, pure water 100L
3% calcium hydroxide suspension 100 L, 7% magnesium hydroxide
0.3 0 0.7
suspension 100 L, pure water 100 L
3% calcium hydroxide suspension 100 L, 1% magnesium oxide suspension
0.3 0.1 0.6
100L, 6% magnesium hydroxide suspension 1000 L
3% calcium hydroxide suspension 100 L, 2% magnesium oxide suspension
0.3 0.2 0.5
100L, 5% magnesium hydroxide suspension 1000 L
3% calcium hydroxide suspension 100 L, 3% magnesium oxide suspension
0.3 0.3 04
100L, 4% magnesium hydroxide suspension 1000 L
3% calcium hydroxide suspension 100 L, 4% magnesium oxide suspension
0.3 04 0.3
100L, 3% magnesium hydroxide suspension 1000 L
3% calcium hydroxide suspension 100 L, 5% magnesium oxide suspension
0.3 0.5 0.2
100L, 2% magnesium hydroxide suspension 1000 L
3% calcium hydroxide suspension 100 L, 6% magnesium oxide suspension
0.3 0.6 0.1
100L, 1% magnesium hydroxide suspension 1000 L
3% calcium hydroxide suspension 100 L, 7% magnesium oxide suspension
0.3 0.7 0

100L, pure water 100L
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0.5 0 0.5 suspension 10 P L, pure water

10 1 L 5%

cal ci um hydroxi de suspension 10 P L, 1% nagnesi um
oxi de suspensi on
hydr oxi de suspen5| on 10 J L 5% cal CI um hydr oxi de

0.5 0.1 0.4 10 a L, 40% nmagnesi um

SUJ IJCIIDI Ul J.U L L L/UIIugIICbI Ut U)\I UC SUSPTITST Ul G 5 ]
0.2 0.3 10 n L, 3% nmejnebivariydigdic ospedeond 0S pefignagpesiti hidroxide
041 5% c@l cijum Ky dr oxi de suspension 10 C L, 3% nm %nesium
oxilde suspension |0.5 0. 3 O Zs%ﬁm%mﬂom§6%$ﬂﬁ§h@ ilum
hydr oxi de suspen3|q@/ caIC|un1h dr oxi de
04Suspe r@i on q_g_ L| 495 H’H’é‘g? PERTHE 1 U pleiagepriumgxige suspension
0.4 0.11Q n Yo magnesjjm Ly aé%%ﬂx‘éh@%%g%} L3 f1L
L ‘@6caIC|un1hydr xi de suspendsi on qneS|um
oxi|d e suspensl O n O4°/§caglu§1 h9dr37&1’e st:enschH’f) e LW Iﬁz{gnél‘aﬂllom@e/ﬁlspensmn
o4callci ym hydr oy4 de| suspensi on 10 ., 4% magnesi um
hydroxi de | 0.6 0 0.4 suspensi,an mhfhebiurkhydRMbEudpatsen 1010
34060103 R‘\Pﬂ'ﬁlﬂﬂ}hyﬂrnxuﬂe suspenston—10L
L, 1% magnesi um oxi 4ecakushediadide BuspeBdonli0O N N, 3% ma@Pesium oxide suspension
0.4nmagnedidum hydrbxi de suspension 10 -1 L 6% cal ci um
hydr oxi de suspen3|on | 0 FNEHQZ%mnagn@smummdeWGBwnIODL
suspension 0.6 072 0.2 10 D L —20% magnesi um .
hydr oxi de |su 83) ensi o% cplyium hydrgage élépe@filftiﬁs Y d¥/oRaegsivm oxide suspension
%4sugpeddion 10’4 L| 3% magnesi z oxi de ﬁg g nsi on. ?.%1
0.3 0.1 10 D L, 1(omagnes (IWJT %“ GRE% YRR F5Rn io!
L 4% calcium hydroxide suspension 100 L, 5% magnesium oxide suspension
04 0.5 0.1
100L, 1% magnesium hydroxide suspension 1000 L
4% calcium hydroxide suspension 100 L, 6% magnesium oxide suspension
04 0.6 0
100L, pure water 100L
5% calcium hydroxide suspension 100 L, 5% magnesium hydroxide
0.5 0 0.5
suspension 100 L, pure water 100 L
5% calcium hydroxide suspension 100 L, 1% magnesium oxide suspension
0.5 0.1 04
100L, 4% magnesium hydroxide suspension 1000 L
5% calcium hydroxide suspension 100 L, 2% magnesium oxide suspension
0.5 0.2 0.3
100L, 3% magnesium hydroxide suspension 1000 L
5% calcium hydroxide suspension 100 L, 3% magnesium oxide suspension
0.5 0.3 0.2
100L, 2% magnesium hydroxide suspension 1000 L
5% calcium hydroxide suspension 100 L, 4% magnesium oxide suspension
0.5 04 0.1
100L, 1% magnesium hydroxide suspension 1000 L
5% calcium hydroxide suspension 100 L, 5% magnesium oxide suspension
0.5 0.5 0
100L, pure water 100L
6% calcium hydroxide suspension 100 L, 4% magnesium hydroxide
0.6 0 04
suspension 100 L, pure water 100 L
0.6 0.1 0.3 6% calcium hydroxide suspension 100 L, 1% magnesium oxide suspension
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6% cal ci um hydr oxi de suspension 10 p L, 4% magnesi um
oxi de suspensi on

cal ci um hydr oxi de suspension 10 P L,

0.6 0.4 0 10JL, pure water 10DL 7%
3% nmagnesi um

hydrOX|de 0.7 O O 3 suspen5|on 10 L L, pure wat er 10
JH—7%cabciumhydroxidesuspenston 10+ 1+ —1%—
magnesi um [oxi de suspensi oipDIO3%H@gIESH@andID@d®uw€nS@%ODL
magnesi um hydroxi de suspension 1071 L 7% calcium
hydr oxi de sugdoensu o(r((@@luE‘ hmdroxzi%ﬂﬁﬁ?gwslpaﬁq?dxm@éeﬂum oxide suspension
0.6suspeddion 0% 0/2 0.1 18 1% rranggye dr oxi de
suspension 10 -1 L 7% cal qq'}[n%ﬁm%l o 8?4? 518?1
L L, 3% nmagnesi um Lfls(pends 3 933
! 1100
cpure yater 10,p L 8%% SRR eé‘%s >‘<‘?1° e sus &’e‘ﬁ%“%lﬁmfbldeé“pemlon
L, |2% nagnesi um h df oXi delOﬂJL %%&%es’rurﬁh&%f&@és‘us%hmwldhL
L, {pure ter 10 - L 8% cal dium ydr oxi de suspension
10|P L, 1% magn_e& %%&Iﬁuﬂﬁycﬁ&&ﬁ%ﬁén%h IOQL&"/ﬂn@ganuﬂaoﬂi@e suspension
0.6D L, 1A% magnesi um hydroxi de suspension 10 J L 8%
callci um hydr oxi de| suspensi on 10 L10£I1L pafwagiesi um
oxtrde—stuspenston—106-8 020103 L —purewater—310-DtL
9%  cal ci um hydr oxi de Bus|semdidxideuspendion 1094 regnegsdsivmbydroxide
0.7hydrox?de | 0.® 0 0.1 suspension 10 L L, pure water 10
J L 9% cal|ci um hydr oxi de suspélﬁeqnmillﬂ!@LLpuEmT%ODL
magnesi um|oxl de suspensjon 0.9 0.1 0
% calcium hydroxide suspension 101 L, 1% magnesium oxide suspension
0.7 0.1 0.2
100L, 2% magnesium hydroxide suspension 1000 L
7% calcium hydroxide suspension 100 L, 2% magnesium oxide suspension
0.7 0.2 0.1
100L, 1% magnesium hydroxide suspension 1000 L
7% calcium hydroxide suspension 100 L, 3% magnesium oxide suspension
0.7 0.3 0
100L, pure water 100L
8% calcium hydroxide suspension 100 L, 2% magnesium hydroxide
0.8 0 0.2
suspension 100 L, pure water 100 L
8% calcium hydroxide suspension 100 L, 1% magnesium oxide suspension
0.8 0.1 0.1
100L, 1% magnesium hydroxide suspension 1000 L
8% calcium hydroxide suspension 100 L, 2% magnesium oxide suspension
0.8 0.2 0
100L, pure water 100L
9% calcium hydroxide suspension 100 L, 1% magnesium hydroxide
0.9 0 0.1
suspension 100 L, pure water 100 L
9% calcium hydroxide suspension 100 L, 1% magnesium oxide suspension
0.9 0.1 0
100L, pure water 100L
1 0 0 10% calcium hydroxide suspension 10 0 L, pure water 2000 L
[0114] The obtained specimens were left shaded for 72 hours after which the amounts of

generated hydroxyl radicals were measured. The amount of generated hydroxyl radicals
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10 J L, pure water 10 DL 1 0 0 10% cal ci um hydr oxi de

suspension 10 E L, pure water 20 D L

[0114] The

obt ai ned speci nens were | eft shaded for 72 hours after

whi ch the anmounts of

gen

measured. The anpunt of

when 3glyweeleivgm | hydexidsi was mjz@tg

be 100% and wa

compwgggﬂ

relatively
€ BB Amaps. r eiATeS '@S@V%Mahfeﬁam e 8.
Tabl e 8 Anmount of generated hydroxyl

erated hydroxyl

aveis dasswiaed s &
onpar ed W

radi cal s were
ener at ed hydr oxyl

radi cal s '
o.aemlivag relgtively

h. t he

Magnesi um

hydr oxi de Cal ci um hydr oxi de ('90) Magnesi um oxi de
Table® 90) radicals (%9 %of activity in Ca(Ol1)2 00 1

44 .14 Q

1 0.9 139.94 00.2 0.8 153.58 00.30.7

161.04 0 0.4 0.6 144.24 | 0 0.5 0.5 158. |43 mddnt®f &n&atéh hydroxyl
143.28 0 0.7 0.3 124. 64 | Q1LncSuMdhylircki®.40 0 0.9 0.1
Calciuin2ifdr&dde (0) [L MaghebiuBrbxid%) 0 0.9 93.39 0./1 0.1 O.&dicals
68.12 0.1/0.2 0.7 71.61 | 0.1 0.3 0.6 83.30 0.1 0.4
0.5 97. 37 % of activity in Ca(OH),
0 0 1 144.14
0 0.1 0.9 139.94
0 0.2 0.8 153.58
0 0.3 0.7 161.04
0 04 0.6 144.24
0 0.5 0.5 158.43
0 0.6 04 143.28
0 0.7 0.3 124.64
0 0.8 0.2 149 .40
0 0.9 0.1 127.64
0 1 0 77.84
0.1 0 0.9 93.39
0.1 0.1 0.8 68.12
0.1 0.2 0.7 71.61
0.1 0.3 0.6 83.30
0.1 04 0.5 97.37
0.1 0.5 04 99.97
0.1 0.6 0.3 98.33
0.1 0.7 0.2 114.02
0.1 0.8 0.1 104.33
0.2 0 0.8 106.63
0.2 0.1 0.7 100.61
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0.1 0.50.499.97 0.10.60.398.33 0.10.7 0.2
114.02 0.1 0.8 0.1 104.33 0.2 0 0.8 106.63 0.2 0.1
0.7 100.61 36 0.2 0.2 0.6 127.02 0.2 0.3 0.5 138. 58
0.2 0.4 0.4 135.39 0.2 0.5 0.3 143.35 0.2 0.6 0.2
1493102 07011520903 007113130301
0.62135.41| 0.3 02 0.5 144.06 @ 3 0.3 /0.4 148. B3.02
0.3 04 0 B 156,05 0.3 0.5 0.2 156,39 0.3 0.6 0.1
149241 0.4 0 0.6%318. 0.4 0.5 0.5 139.40 0.888%2
0.4 143.49 0.4 0.3 0.3 143. 22 0.4 0.4 (0.2 157.99
0.%0.5 0.1 154.8% 0. 0.5 14 27 0.5 0.1 0. ¥
138’.2 65 0.6 0.2 00.53 1 o 0.3 143.35
0.2 0.6 0.2 149.31
0.2 0.7 0.1 152.09
0.3 0 0.7 113.13
0.3 0.1 0.6 13541
0.3 0.2 0.5 144.06
0.3 0.3 04 148.53
0.3 04 0.3 156.05
0.3 0.5 0.2 156.39
0.3 0.6 0.1 149 41
04 0 0.6 118.20
04 0.1 0.5 139.40
04 0.2 04 143.49
04 0.3 0.3 143.22
04 04 0.2 157.99
04 0.5 0.1 154.80
0.5 0 0.5 114.27
0.5 0.1 04 133.65
0.5 0.2 0.3 143.75
0.5 0.3 0.2 104.20
0.5 04 0.1 143.53
0.6 0 04 120.27
0.6 0.1 0.3 138.65
0.6 0.2 0.2 145.73
0.6 0.3 0.1 146.02
0.7 0 0.3 112.80
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0.50.30.2104.20 0.5 0.4 0.1 143.53 0.6 0 0.4
120.27 0.6 0.1 0.3 138.65 0.6 0.2 0.2 145.73 0.6
0.3 0.1 146.02 0.7 0 0.3 112.80 37 0.7 0.1 0.2
134.13 0.7 0.2 0.1 139.05 0.8 0 0.2 112.13 0.8 0.1
011378109 001126960109 090 00—0-208
0 €38.24 0.3 0.70.D 137.77 0.40@ 6 0 150.10 O0.B4035
— 0 14580 0.6 0.4 0 137. 51 0.7 0.3 0 14317 0.8 0.2
0 930.71 0.9 0.19b 120.47 1 0% 100.00 Sl aked 13905
dolom te used in Exanple 3 110. 81 [0II5]| Exanpl e 18
GelBrati on| of hydlooxyl radi cal s Ufsi ng NEgnesi um 12.13
hydg oxi de Magnesi hydr oxi de (Mg(OL1)2)| (purity, of
99%0% mapuf act u(rg]d by Wako Pllz{)%’]le Cheni|cal 13781
I ngyistries| Ltd.) was pul verized,to prepare magnggiphm
hydr oxi de l\/g(O—I)S) powder having a prilmary particle
diggeter in a rangg from1l nminglusive |to 200 n@gy g
0.2 0.8 0 138.24
0.3 0.7 0 137.77
04 0.6 0 150.10
0.5 0.5 0 145.80
0.6 04 0 137.51
0.7 0.3 0 143.17
0.8 0.2 0 130.71
0.9 0.1 0 120.47
1 0 0 100.00
Slaked dolomite used in Example 3 110.81
[0115] Example 18 Generation of hydroxyl radicals using magnesium
hydroxide

Magnesium hydroxide (Mg(OH),) (purity of 99.90%, manufactured by Wako
Pure Chemical Industries, Ltd.) was pulverized to prepare magnesium hydroxide (Mg(OH),)
powder having a primary particle diameter in a range from 1 nm inclusive to 200 nm
exclusive and magnesium hydroxide (Mg(OH),) having a primary particle diameter in a

range from 200 nm inclusive to 400 nm exclusive.

[0116] Subsequently, a specimen (specimen No. 7) including a phosphoric acid buffer
(final concentration of 0.1 M), an HPF reagent (final concentration of 5 [1 M), magnesium
hydroxide (Mg(OH),) having a primary particle diameter in a range from 1 nm inclusive to

200 nm exclusive was prepared.

38



excl usi ve and nmagnesi um hydroxi de (My(OL11)2) having a
primary particle dianmeter in a range from 200 nm

i nclusive to 400 nm excl usive. [0116] Subsequently, a
speci men (specinmen No. 7) including a phosphoric acid
buffer (final concentration of 0.1 M, an HPF reagent
(final concentration of 5 - M, magnesi um hydroxide

My(OH) 2) having a prinmary particle diameter in a
[0117f ange PRESHRCR A$RCFiRENLSYSy 8} GNCldioE in ROGEPREICy aCidabuffer (final

conceﬁﬁ%tf o Sﬁ&g%%g%%ﬁyf Ees’%gﬁtij(\%g} %é c%%]}_rgtﬁcg} 'c\)lf'S E)M), magnesium
koS OEERIORLY s Bl AT 08 g ko s o

400 niaVB I hadasd fe@rimary particle dianeter in a
range from 200 nminclusive to 400 nm excl usive was

al so prepared. [0118] Subsequently, each of the
speci mens Nos. 7 and 8 as descri bed above was

[0118] nc ubdsentienty, readmaf etfipespacimens MNes. T5amd Buaesescabel! aheve was
the fluorescence intensity was neasured by a

incubgipd G g8eBriEMprE{We ek de minARYCIMK theraifig  iiorereenge gptensity was

measFb R oRoporis o @ IR hemled sty Fegp i o, Lo
j found to be: i No. 7

o o AN oG o No. 5 (0120] Particul arly,

it was reveal ed that when prinmary particles were
prepared to be in a range from1 nminclusive to 200

[0119ni t Axgkesgit e aldeanRrod Pua@aicd mlicHiSwere fbytl @bet specimen No. 7
radicals significantly increased. [0121] This result

> speciawp N e >t dpatimeadiesi um hydr oxi de (My(OH) z) prepared
to be rmagnesi um hydroxi de powder having primary
particles in a range from1 nminclusive to 200 nm

01205 b, P SR i TR P B B
fects, . Sj ' .
range i 0 SR b AT T DPJfR HEHIREL ARl it
signifi 'I{t}yjltl&gasg&gnesi um hydroxi de partially reacted with
t

e carbon dioxide (CQZ) to become nagnesi um
carbonate (MgCO3). [0123] My(OH) 2+CO2 MyCO3+H20
[0121] This result revealed that magnesium hydroxide (Mg(OH),) prepared to be
magnesium hydroxide powder having primary particles in a range from 1 nm inclusive to 200

nm exclusive significantly increased the produced amounts of hydroxyl radicals, and thus

exerted anti-viral effects.

[0122] When magnesium hydroxide (Mg(OH),) contacts gas containing carbon dioxide
(COy), such as air, the magnesium hydroxide partially reacted with the carbon dioxide (CO,)

to become magnesium carbonate (MgCQO:).

(0123]
Mg(OH)2+ C02D MgCO3 +H20

For example, when calcium carbonate (CaCQO;) was added to specimen No. 3
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For exanpl e, when cal ci um carbonate (CaCO3) was added
to specinen No. 3 39 indicated in Table 1, the
anounts of generated hydroxyl radicals |lowered to
2811. [0124] Wen nagnesi um oxi de (MyO contacts gas
cont ai ni ng carbon di oxide (CO2), such as air, the
indicatasgndsblerh diiadwuptsrafigandryted Bxdped radicdis Iohiered4e BOH.
di oxi de (CQ2) to becone nagnesium carbonate (MC03).
[0125] MyO+COC MYCAB When cal ci um hydroxi de (Ca(OH) 2)

0124577 RS SRR G D eGEaiRes s o Fainbiaatprtgi6Hag oo,
such {s%%%)rﬂé%?%i g@l (g%%ﬂél %@ﬁ@%ﬂé}ﬁ@@?@g ‘”('@93 to become

magn%ﬁ@al@gﬁ@( Qagt s gas containing carbon di oxide
(CXxR2), such as air, the calciumoxide partially

react ed with the carbon dioxide (C02) to becone

cal cium carbonate (CaC33). CaO+tCO | CaCO33 In view of
[0125} he experinments described above, netal oxide powder

and magnesi um hydroxi de powder, created according to

t he Mﬁ&éﬂ@ﬂﬂ\’[%@és capabl e of generating hydr oxyl

r adi actiyv are preferab .
by 0o BR6R falih Bkl Kni B PnahED65 Fofinlne sarbpa dioide
- 7
(COZ)%O%HSa? .a hgl% ggt@uns IH&&tﬁ%dQ ﬁ)glﬁﬁgﬂ\/ %ggfégr\z\&w&% cllrb!oﬁ c%ﬂ&é (COy) to
becorﬂlé'ﬁéﬁﬁﬁrh%rbbﬁat@&%i@)ﬁm y preserved in a state
contacting no 2 (state where CO2 is blocked) during
preservation for generating a sufficient anount of
hydroxyl radicals using the material. Exanples of the
[0126}nst hod of preserving the anti-viral material according

invention in a state contacting no CO2 (state
V\her@a(@i’)ﬁ@o@@%@@d*)m@cl ude a nethod of housing the

R T G i RS T B s
as air,ttg(g gﬁﬁgh}aﬁ’é@@a%%@ Ilegétecﬁ QVHBG[hg‘ gfr{)&g d10§1d§‘°(&@jjto°t;ecome calcium
carbonate (CaCQO;).

CaO+CO41CaCO;

In view of the experiments described above, metal oxide powder and magnesium
hydroxide powder, created according to the invention and capable of generating hydroxyl
radicals inactivating viruses, are preferably preserved in a state contacting no CO, (state

where CO, is blocked) during preservation.

[0127] In other words, the anti-viral material according to the invention is preferably
preserved in a state contacting no CO, (state where CQO, is blocked) during preservation for
generating a sufficient amount of hydroxyl radicals using the material.

Examples of the method of preserving the anti-viral material according to the
invention in a state contacting no CO, (state where CO, is blocked) include a method of
housing the anti-viral material according to the invention in a packaging material and then

vacuumizing the inside of the packaging material to be sealed, a method of housing the
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anti-viral material according to the invention in a
packagi ng material, then replacing the air in the
packagi ng material with gas containing no CO2, for
exanpl e, inert gas such as argon (Ar) and neon (Ne),
~nitrogen (N2) gas, and oxygen(02)gas, or a gas m xture
anti-vigél ngaisriaj eecoading tytha dvesirhingapackagmeainaicrigl, en Gaplacing{fe air in
nd a net hod of

the pa%@%@@&ié%{eﬁglg%ﬁ{] §as\%%fl@vlv%kégi n%% t4_e froia%'aaém ARt §SSHeh as argon (Ar)
and o0 oS R SRR 4 g B Dl s b finine o
O A o

housifg S@Anfivithth el a88siding @ Hl ifcAton th §E§dkagﬁ§ material, then filling
contai ning no G2, and then sealing the packagi ng

the insig¢ ef thalpacka@izGhatdial witthgasavhiaining ab O} for exdmple, inert gas such
according to the invention housed in a packagi ng

as argara(Ariaad nean (Re)c hittogen @) gasy andibdxygan €0 ghs, at 8 gagliniguiewf gas
the invention is preserved in such a  manner is used,

contang NosEIkA §asrgniniiag na CQqsanslyberepating b paciaginganaterial.
anti-viral material according to the invention housed
in the packaging material to gas containing CO2, such

[OIZSﬁZgaWhen%%é .'-%altjx%g@rialt 80@%@00@%‘#8 Mgﬁsearintahfackaging

nesi um roxi de powder are

materfz@ P YN the Qafntitx}lilk‘él altdriaV hé@kdingte h’Eﬂeai!nVéfﬁi%ﬁ rigl bf&erfv@d thSuch a

i nvention and that can generate ydroxyl radicals

mannemig Gikddy did pagkadingisagerial i€ op&iedttd @RiSdse fieghti-vitad material according
carbonat e conpounds, and thus can generate a

to thesmiehiiai kousedintha packhging dratenial ta gedicosihsidfgrO,, such as air. At this

) i nactivating viruses using the powder. [Industrial

time, Ashmegd mxida PPwiey 100 theppagnesiug thiidigxidsr PQyedss rheth @f which are

compB{EASEY ot 395k SR LA Y 8 B
el 54 S SROSE 045 2RO LDl soppeys. and

varl ous Vi

thus c\%ﬁ eRSate %%ﬁc%eng Bﬁloﬁlhi??if fé))ﬁroM afdidaV e ﬂlalgﬂvagihg(‘?firﬂ%s using the

uses in a hydroxy adi cal” at nosphere an
powd&ontacting the viruses wth hydroxyl radicals using
the anti-viral material according to the invention
produced by having such a nethod for generating
hydroxyl radicals, which benefits industry and society
[Indugiigledppligatilifyl] i ndirectly. 41 CLAMS [Claim1] A method

or generatjng, hydroxyl radicals conprising. contacting..
[0129Lo (R cspchler Hnegring Rudionyiradiealial the dnegion Pugrorylgadicals

can bte hg%n Epeﬂpsa%e?rjsfieetc’cfﬂi}cngncp fefﬁciently without employing dangerous conditions
being dangerous to the human body. Moreover, various viruses can be readily and clearly
inactivated by placing viruses in a hydroxyl radical atmosphere and contacting the viruses
with hydroxyl radicals using the anti-viral material according to the invention produced by
having such a method for generating hydroxyl radicals, which benefits industry and society

directly and indirectly.
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al kali nmetals, alkaline earth netals, netals of groups

4 to 12 of the periodic table, or alum numw th one

or nore hydroxi des selected from alkali netal

hydr oxi des, al kaline earth netal hydroxides, iron

hydr oxi de, copper hydroxi de, zinc hydroxi de, alum num
hydr oxi de, or armmoni um GLA4IdRI de. [C aim 2] The

nmet hod according to claim1l, wherein both the powder

of the netal oxide and the hydroxi des are contai ned
. 1n, sl aked, dol pm te obtai ned .b cal cjining .dolonmte. and

ClaiggJ} 71 21 Ty iR RS Bnar il oS Paft i Kowder

The net ho ' l.al [ ot

dol o t o 1<t SEREDRE B Flofy ks SREER dnt 1 FhG ¢ Eohsisting of
material  Akal nfe@IP lRHIAE LafthOfetalkOYletdl9 oF3886pd 2rtol1Z of the
20 hours, cooling the calcined naterial to room

t enper at usegiodzndble ha@ralomittuag taithgoricher mord ledirosdasrselebted from
with 35 to 60 parts by weight of water based on 100
parts by alkdligmetabhydsiday labalinecarfriCmgianhgdroXides, nonHiydroxide,
according to claim3, wherein the calcination of the )

sl aked d@PBf Relpxdde ginohydsexids, aiepinuAyhydexide| ¢srAm@onium
to a tenpli?ratu%fe from 700C to 1000C, at a tenperature

i ncrease PYXY 5 to 100 nin and nmintaining the
tenperature for 8 to 12 hours, while air is circul ated
intermttently. [Caimb5] The method according to

[Clairgbpi m 1 Wh@meﬂf&@ra%b&dﬁlﬁ% RNt whekdiPb&th thd owRS Wi @he metal

of the nmetal oxide to the hydroxides, i1.e., (powder of

t he net al oxidxatte JHe( Iydasaddsdes Lomtsined it Bakedagenfiewbtained by
0.001 to 100. 42 [Claim®6] The nethod according to

clai m 1, ehEnisg dolbhetcpodgertialy hydretingstha kalaxéedidolpsite.

powder of one or nore oxides selected from magnesi um

oxi de, cal cium oxi de, nmanganese di oxide, iron (I1)

oL 0% B S 5 g, GRS s RS Bl S s
Eydr oxl de@oti’lﬁéc? %&eﬁlghﬁﬂy%qasgaéﬂu% t%??r 1%)5{6% § %tp Qttgtgléérﬂmre from
ydr oxi de,  nmagnesi um roxi de, cal ci um hydr oxi de,

E;l(rjlr g)r(r: gﬁéﬁb“o@@ de3000@! M RS0 RYHS RbESs thecaRHRB Md#Ral to room
temperature, and then contacting the cooled material with 35 to 60 parts

by weight of water based on 100 parts by weight of the dolomite.

[Claim 4] The method according to claim 3, wherein the calcination of the slaked
dolomite is performed by heating the dolomite to a temperature from
700°C to 1000°C, at a temperature increase rate of 5 to 10°C/min and
maintaining the temperature for 8 to 12 hours, while air is circulated

intermittently.
[Claim 5] The method according to claim 1 or 2, wherein the weight ratio of the

powder of the metal oxide to the hydroxides, i.e., (powder of the metal
oxide)/ (hydroxides) is in the range from 0.001 to 100.
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[Qaim7] An anti-viral material produced by having a
nmet hod for generating hydroxyl radicals by contacting
powder of an oxide of one or nore netals selected
fromthe group consisting of alkali netals, alkaline
earth metals, netals of groups 4 to 12 of the

[Claimé} i odi ¢ Tlabinethod acearding tekini thwhsneinor  nor e

o B LS e e B s

COpgﬁ:mm %ﬁ&h % 8 Z| Nde dnrggr)l(esg %ﬁoxm% 1lir|cr)rrll ?ﬁ)ﬁc‘)méfed ol (ﬁ?) oxide,
copper oxide, zinc 0X1de, or aluminum oxide, and

the hydroxides are one or more hydroxides selected from sodium hydroxide, potassium

hydroxide, magnesium hydroxide, calcium hydroxide, barium hydroxide,

aluminum hydroxide, or ammonium hydroxide.

[Claim 7] An anti-viral material produced by having a method for generating
hydroxyl radicals by contacting powder of an oxide of one or more metals
selected from the group consisting of alkali metals, alkaline earth metals,
metals of groups 4 to 12 of the periodic table, or aluminum with one or
more hydroxides selected from alkali metal hydroxides, alkaline earth
metal hydroxides, iron hydroxide, copper hydroxide, zinc hydroxide,

aluminum hydroxide, or ammonium hydroxide.
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